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Abstract

In this paper, we describe implementation of FPGA-based Nios II embedded processor system and linux device driver
for image monitoring system which is supplement weakness for fixed surveillance area of existing CCTV system and
by manual operation of the camera’s moving. Altera Nios II processor 8.0 is supported MMU which is stable and
efficient managed memory. We designed the image monitoring and control system by using Altera Nios II soft-core
processor system which is flexible in various application and excellent adaptability. By implementation of camera
device driver and VGA decvice driver for Linux-based Nios II system, we implemented image serveillance system for
Nios II embedded processor system.
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Fig. 1. Block diagram of system hardware

2.1 MMUE =Z &8t LinuxE 98t StESo & Alg

LinuxE 98 #HAh Al="lo g Z2AA ] 79 Nios II
f =oj¢} MMU, Hardware multiplier’} {7-¥t}. 53]
MMU A 512 =+ 1KB9 On-Chip Memory”} 2
23}ty MMUZ £33} Nios IT CPUE tA2lat7] 9181
a3 29} 7o) On-Chip Memory S 37}3tH7-8].

Memaory type
@ RAM (Writable)  ROM (Read-only)

Dual-port access

Block type: Auto [~
Initialize memory content

Memary will be intialized from onchip_memory2_0.hex

T2l 2. On-Chip Memory 24
Fig. 2. On-Chip Memory Configuration

9 32 CPU9 MMU A4 FAlolth

Caches and Memory Interfaces

Instruction Master: Data Master-

Data Cache FEmen e
Data Cache Line Size:

[JEnable Bursts  (Burst Size: 32 bytes)  Help

nstruction Cache:

] Erble Bursts

e, 32 bytes) e

Include tightly coupled instruction master port(s).
Number of ports: [1

Include tighty coupled data master port(s)
Humber of ports: [1 -

V] Include 1MU
Only include the MMU when using an operating system that expiictly supports an MMU

Fast TLB Miss Exception Vector: Memory: [Grchipimemory2.00s1 ~ | Offset: [0 0 | ox00002000

a2 3. MMU 24
Fig. 3. MMU Configuration

% 49} #Zo] CPUS On-Chip MemoryS 43t
CPUS} MMUZE $1%F On-Chip Memory 2] Base Address
A2 CPUY jtag_debug_module 0x07fff800, MMU=
€3k On-Chip Memory = 0x07fff4000.2 A4 e 7-8].

2/ 8k Nios Il ZHICIE ZZMA AARQ| Linux ClHIO|A E2l0|H T3

B linux_cpu ios Il Processor
instruction_master Auralon Memary Magied Master —(clK...
tightly_coupled_instruction_master_0 | 4valon Memory Mapped Master
deta_master Burslon Memory Mapped Master IRD 0 1RQ 31
tightly_coupled_deta_master_0 Avalon Memory Mapped Master
jtag_debug_moduie #vralon Memory Mapped Slave

B fast_tib_miss_ram_1k On-Chip Memory (RAM or ROM)

B Auralon Memary Magped Slave eIk
52 Auralon Memary Magped Slave  [clKn

32! 4. Base Address 2%
Fig. 4. Base Address Configuration

0071 11800 |DxOTFIFEFT

007§ £ 1400 |0x07F1 751
007§ £ 1400 |0x07F1f7F 1

ARgAE TIPY ve FREAE F7HE e, 0x0~
0xIFFFFFFFe] F42 71AE Fa3d3s Fadx9
Az=E et mRezE 24 8 EH, 0x20000000 o)del F
25 7HR= FHAA Y 9= MMU| o3 FH74x] 9
g2 ~E e} v 7b gt SDRAMS 4% 4 8MB
o] gko] 9 Hw Hu) 128MB7HA 7Hsslth ALeAF 2
& AAZ JTAG UART E+= Serial UART7Z} AHE-5H,
gk 7§2] Full Featured Timer’} Z o3&t} g5 44
IRQOS Auto-detectedE V]|st=2Z TimerE #|9|3F o}
w2 futel~= Al IRQOS AHEE 5 (ITHT7-81

22 FMUA A|AHRHES 2{8 Nios || Z2AMM 2 F
HEX 74

Nios I Z2ZAHA A28 AAls7] H8iAe 54 Al
S Adestal, 38t Al2=gls A/d8k= SOPC Builder
NLEFE AFEET) o] Quartus 1T AA 2ZEY 0] 3
ekl Al 5=, SOPC AAY A #4& F3dd 5 3l
L& glith

GAZIA] Al 22ElS 913 Nios I Alglo] sl=dlo] 414
o a7 59} Zo] CPUWNios II Processor), Camera
Controller(TVP5145), VGA  Controller(CHRONTEL
CH7010B), I2C Controller, JTAG UART, Timer,

DDR2_SDRAM %9 HEJIEY} FQ3s}r}

ellin_125
clkin_126 0x00000000  |0:00000011

Nios I Processor ddr2_lo_latency_126m_sysclk OxO7HFIB00  |0:0TH 111

(On-Chi emery (RAM or ROM) matipte mitiple  mitiple
valon MM Ppeln Brcge ddr_lo_latency_120m_sysclk 10000000 017111111
IODR2 SDRAM High Performance Cortroler - clkin_50 + Gx00000000 (3011111
valon b Fpeln Erge ddr_lo_latency_126m_sysclk 00000000 00311111
\Avelon i Clock Croseing Bridge matipts 00000000  BXC3t 1111
velon MM Tristete Brcge: ddr2_lo_latency_126m_aushalf

Fiash Memory nterface (CFY) adr2_lo_tatency_128m_aushalt 000000000 03111111
velon M Fipelne Brcge ddr_lo_latency_126m_sysclk 08000000 D057 11
Interval Tiner adr2_lo_tateney_128m_syselk - Cx00400000 (30000011
salon M Gl Crossing Bridge maitipte 00000000 0x000071 11
System D Peripheral adr2_lo_latency_128m_aushatt -« 0400004040 [Dx00004347
\TAG UBRT ddr2_lo_latency_120m_aushalf 4 BO0004A50  DXO0004ST

rt UART (RS-232 Seria Port) '+ 00000480 (0x000D4CS
iser_led_pio_Sout PIO (Paralel10)
iser_dipsw_pio_8in PIO (Paralel 10)

iser_pb_pio_din PIO (Paralel10)

ddr2_lo_latency_128m_aushalt
'+ Bx00004cc0  (X00004ce
'+ 0x00004c80  (0x000DACe
'+ Bx00004000 (0X00004F

ddr2_lo_latency_128m_auxhalf
ddr2_lo_latency_128m_aushalf
ddr2_lo_latency_128m_auxhalf

e_mac Tripl-Speed Ehernet muitiple '+ Bx00004000 |0<000045
sgdma_rx Scattr.Gather DMA Cortroler ddr2_lo_latency_120m_aushaif 4 0x00004400 |0x00004431
gdma_t Scatter-Gather DM Cortroler ddr2_lo_latency_126m_sushalf s 0x00004800 |0<0000485¢
b_dma_to_descriptor_ram vl Fpeline Ericge ddr2_1o_latency_126m_aushalf 0x08000000 (008003 1
fescriptor_memory (On-Chip Memary (RAM or ROM) ddr2_lo_latency_128m_aushalf s 0x00002000 |0<000031{1

\Awvalon-4h Clock Crossing Bridge muttipte 010000000 (01 7F 1111

velon-MM Fipelin Bridge ddr2_lo_latency_126m_sysclk 0400000000 |B:07H 1111
camera_in btec_qvideo_in (ddr2_lo_latency_128m_sysclk 018000000 |0:13000071
va VG Controler wuttipte 018000100  |0:18000101
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Fig. 5. Using SOPC Builder system configuration
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Fig. 6. System entire circuit diagram

sopcinfo S o]&3te] Fxox AFLUA AR 3
Eotde B 13 o] AAsta, fss AER BAR
[7-8].

E 1L 52 A9dES A ad A4
Table. 1. Generation header file for compilation of linux
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3.1 VGA Cldfo|A =z2lo[H

Frame Buffer@t 252 A 2gloA agjgS 19
AE st=golE Witk = VGA Controller’} frame
buffer Fxgta & 4 glon], 1 =S user appli-
cation®] AT = JEF WEZ fulo]~ Efto|HE
frame buffer drivergtal & <= 2t} VGA Controllerel]
3t frame buffer address”} DDR2_SDRAM<®] 0xd7300000
o &gso] 9tk VGA Controller: 16Bite] RGB565Z
AFE-EEH, 640x480 SR Ao ot a¥ 72 9
22 9I3k VGA Controller®] A2~ 1jo|t}.

=
=

control 0x00 Control Register
buffer 0x04 Buffer address Register
size 0x08 Pixel size Register

a2l 7. VGA Controller?] ##| €
Fig. 7. Register map of VGA Controller

¥ 8= CH7010BE F&3stal & HSMC Quad
Video Board®] Video output 3] &%o]t}.
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Iy 9% & AGA F83 Frame Buffer =2kolH <]
2 M Eolt) insmod FE #5227 BYEW frame
buffer =2}o]lWe] %2713} 3 &7 platform_driver
_register() ¥4 &S E3}9] platform_driver? probe()
<=7} &%} probe ol frame bufersS 640+480%2
9] Z7|2 9EH, platform_device’} =% o #HF
resources E53L /O 3-8 7MY Faol ek Tt
3w FAE o]83F9] VGA Controllere] Wi A 2E=
A3t} fb_var_screeninfo?} fb_fix_screeninfo +ZFA&
o]-&-3}o] frame buffer st=gojdl tigt AR E 5312 A
Attt gk AeE 99 Y mmap 7 23
file operation 7-ZH& 553t ¥ register_framebuffer
(&fb_info) FFE &3] Ao 55T OZMN user ap-
plication®} A4t}

Insmod / linux butting

1

module_init(vga_init)

= platform_driver_register(&vga_driver)

I

static struct platformm_driver vga driver

= vga_probe() ==

1

static int vga_probe(struct platforrn_device *dev)

frame buffer 2424

platform_deviceZ?} S5 2 tl 2r21Fl resource &5
ioremap_nocache(&f=+== /O H|=2 2| Zz+= 72k
FA0 &LEEr F SFEE FTAE 0|8 35Ho{ vGA
Controller2| Bl X|IAES A&

= fb_var_screeninfo®}l fb_fix_screeninfo T+ = &=
0|2 5109 video hardware A E =|5 2l AMx]
register_framebuffer(&fb_info) = & 5o {2 of|
==

=]
- user applicationt| A file operation v+ =&l = Ol
2 51 0] frame buffer Xlj o]

1

module_exit(vga_exit)

platform_driver_unregister(&vga_driver)

12l 9. Frame buffer driver 5% <=A]
Fig. 9. Registration sequence of frame Buffer driver
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2 Ao ARE3 JlulEl= 4a1d Composit Video
InputS A Qsl= TIALY] TVP51542 AL&-skgic) H o &l
A= 720%4800]1, ITU-R BT.656 Standard Sampling
S Ak 1¥ 102 7} Controllerd] #A|2~F o]

2o

Control 0x0 Control Register
Status 0x4 Status Register
Address 0x8 Buffer Address Register
Pane 0xC Pane Register

2l 10. 7H2} Controllere] A 2~E =
Fig. 10. Register map of Camera controller

:LPA 112 Video Input 2E9 EFXEo|th 4719 Ad
g wow ADWEY Scaler 52 7

CH1_oUT [7:0]
VCoCr 8-Bit 1:2:2

OUTPUT FORNATTER
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AOC

AlP2A
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AGC
VRIS ICFR
] LOMINANCE
AIP3A R PROCESSING '—’
H\ e z
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PROCESSING
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PROCLSSING

cH2 ouT 7ol
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a2 11, Video Input 259 £2%
Fig. 11. Block diagram of Video Input module
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CSC EEolA& RGBZ W3sle] Nios I Z2ZAMAMZ A
43tk Camera Controllero]l W3+ image buffer address
7} DDR2_SDRAM$] 0xd7200000°] stg-=o} it}

a9 132 B Ao F#3 Camera tnfols =glo]
Hel F& EAEClth insmod EE FE2vF HEEHU
tvpo154 Fhlel tufo]~ =efolw ] x7)8) $4=9} plat-
form_driver_register() 3 &S %3} probe()T+E

ZE3h probe() ol i2c BAlCE FivE RES A
B3l frame bufferE 640+480x2¢] =72 o3hu,
platform_deviceo] #HE resource® 53t} /O WE
g FE T Faol FEE & ke FAE o] 85ty
Camera Controller®] W4 #AAEHE AT} regis-
ter_framebuffer(&fb_info) & & &3&to] 7hvlgl tulo]~ =
oy o] 55& gudith
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Fig. 12. System circuit diagram of Image Input part

Insmod / linux butting

!

module_init(tvp5154_init)

= platform_driver_register(&tvp5154_driver)

I

static struct platform_driver tvp5154_driver

= tvp5154 probe() ==

I

static int tvp5154_probe(struct platform_device *dev)

camera buffer &2

tvp5154 ZiH|2t 2= AlE!

platform_deviceZ} %EEE' i 224l resource =5
o mi=2el sets 7t Faol gt = gkt

=l =42 0|8350q4 Camera Controllerol LHE
BRI AE A
register_framebufer(&fb_info) gf -2 =
HIol| &5

= user application0l]| X file operation
8ol od tvps154 Ziol 2l Allo]

i

module_ exit(tvp5154_exit)

i}

Sloq

== o]

= platform_driver_unregister(&tvp5154_driver)

a2l 13, ZhvE} tule] s mglold G A

Fig. 13. Registration sequence of camera device driver
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41 48 &4
B =579 292 Altera Cyclone III tnjo]~7} Z=k=
Bitec Video Development Kite} TVP5154 7Hvet =53}
CH7010B VGA EE$ Agsto] A ~"S Attt &
=9o] sitel = Altera Design Suite 9.1& AF&3F o,
AZEYo0o] EE Fedora 7714+ Linux Kernel 2.6.23%
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Table 2. Experiment environment

w] Host PC

steglo] M 9= 78k Quartus 1T 9.1

A Ee] /) RED Hat Fedora 7 71%F linux
Kernel 2.6.30

GCC tool chain version : 4.1.2

vV VvV

(m

Embedded system

P ZZAHA : Nios I / Full featured (100MHz), MMU
P Flash memory : 64MB

p DDR2 SDRAM : 128MB

p Camera : TVP5154

4

VGA : CH7010B

42 AE Z3 2 M5 H

2F A AAT =S Ar =9 FPGAd] 273k
th 3ol A FEE tuto] 2~ Egfo|HE Aol F7tste]
52 oA E AAsth AAGE ovAE B Al=F9
SDRAMe| th-293H JTAG XEE 53 Linux %
wHAA 7 E8Ent a8 14 252 78 WA ot

>np _piZc IORD_IZC_THR 98
ru—>np_piZc_TORD_I2C_TXR £Ff
ru—>np_piZc_TORD_I2G_SR 18

_rw—>np_pi2c_IOR

10004080
ze@004080
= eBOA4084
20004088
ze@0A408
eB0A4090
e ———————§2¢_Conmplete
: TUPS1G54 frame buffer device
640x480x16 at Bxd?200000
: Altera UGA FB frame huffer device For Altera UGA
D 640x480x16 at @xd7300000
ttyJB at MMIO Bx50c@® Cirg = 3> is a Altera JTAG UART
console handover: hoot [earlyB]l —> real [ttyJ@l
mice: PSs2 mouse device common for all mice
ifconfig: socket: Function not implemented
Welcome to

O3 14, Y22 FE wAA
Fig. 14. linux booting message

1% 15% Jhvlg} tiutelzs =bolnjel VGA tiube]

seto|HE A Ax shdolch vzt e Y v
3 3204240 =R ~AAFE] VGA UE ] &
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a8 15 A 3h4d
Fig. 15. Experiment screen

AT A FEgE Al 2le] A58 Hrtelr] 98] PC
71%4 CCTV Al2"'3} Hlastgiek PC 71¥ke] CCTV Al
'] ARES Intel Core 2 Quad CPU 2.33GHz, 3GB
RAMS] PCE Atg3sl9iem, MY Grabber Boarde

NTSC HtQ 18, 640+480 34 =E A8 & 4+
PC 71 CCTV A2=ds} £ el Al2wlst 4% 27pel

A2 A, PC 718k CCTV Al=wle] Aol vx]#] %3
Ak 27 15 2o AeEEE gl & 5 9

# 3. PC 71¥+e] CCTV Al&"la) A% \ja
Table 3. Performance compare with PC Based CCTV
system

A7 &%

323 Aol =

7|qk
PC }]\] ~ @CTV 29.97 frame/sec 640+480
2 oA 2H= 14.6 frame/sec 640480

5 2 E
H =RoAE PC7|¥ CCTV Al2de] dAs net &
T AE 9 A Al=ES Y3 Nios IT YHltj= 24

A Al2="9] Linux tiHlolz =glolWE &3t
Altera Nios II 9IWtI &= A 2812 Z4E $-8o FdstaL
2 &Aool HojuA| gk AlzHle] HA o] ojHu) o] 3t
O] =Z Nios I Al=¥1S& 98 7hve} 1P 2 tnjfo]~ =&}
ol AA Tl gt A7 T - H oz A HaF
o]x] OJ-{:]_
B AT A¥e dMt=E 2525 Nios 1T A5l
g3t o™ Linux 7]4¥F Nios II A]2~€le] F}|2} tjnjo]
setoliel VGA tufo]~ =gto| W& F-dato] lut]
*1@%‘ 718k 4 Al Al=Els ek

G5 AT A A L 24 71ES olgete] XA
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A EoF : Software Engineering, Web-based Software

Phone
Fax
E-mail

Design & Development, Pattern Recognition,
Image Processing, Computer Network &
Network Computing, Embedded Processor
System HW/SW

1 055-249-2644
1 05059992163
: yspark@kyungnam.ac.kr
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