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» Class content
= SOPC VDP system block diagram
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Required documents

= SOPC Builder User Guide
(http://www.altera.com/literature/ug/ug_sopc_builder.pdf )

Class time

= 1 hours

s Assignments
= 10 questions

L)

*%

)

I T-SoC Lab



Truong Quang Vinh

Device Cyclone Il EP3C120
Processor Nios ||
Video processing -Deblocking Perform 5 video
-Deinterlacing processing functions
-Denoising
-Scaling
-Frame rate up-converting
Interface -S-video input SD video input
-DVI output Full HD video output
Bus system -Avalon-MM Interface between
-Avalon-ST components
Memory -DDR2 SDRAM To store video frames
Operating clock 134 MHz For processing

1920x1080@59 video
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Part Task Timing Area
(max. limitation) | (max. limitation)
Clipper 7.4 ns (134MHz) | 0.5 K logic cells
Color plane sequencer 7.4 ns (134MHz) | 0.5K logic cells
Color resampling 7.4 ns (134MHz) | 2 K logic cells
Data Color converting 7.4 ns (134MHz) | 1 K logic cells
processing | Hybrid deinterlacing 7.4 ns (134MHz) | 15 K logic cells
channel 1 | Deblocking 7.4 ns (134MHz) | 20 K logic cells
Scaling 7.4 ns (134MHz) | 5 K logic cells
Edge enhancing 7.4 ns (134MHz) | 10 K logic cells
Frame buffer 7.4 ns (134MHz) | 3 K logic cells
Clipper 7.4 ns (134MHz) | 0.5 K logic cells
Color plane sequencer 7.4 ns (134MHz) | 0.5K logic cells
Data Color resampling 7.4 ns (134MHz) | 2 K logic cells
processing | Color converting 7.4 ns (134MHz) | 1 K logic cells
channel 2 | Bob Deinterlacing 7.4 ns (134MHz) | 2 K logic cells
Scaling 7.4 ns (134MHz) | 5 K logic cells
Frame buffer 7.4 ns (134MHz) | 3 K logic cells
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Test pattern generator 7.4 ns (134MHz) | 0.2 K logic cells
Mixer 7.4 ns (134MHz) | 2 K logic cells
Clock video input 7.4 ns (134MHz) | 1 K logic cells
Interface . — , - -
e Clock video output /.4 ns (134NHz) | 1 K logic cells
Shriel Memory control 6 ns (166 MHz) b K logic cells
Quad video card control 20 ns (b0MHz) 0.2 K logic cells
DVTI video card control 20 ns (50MHz) 0.2 KK logic cells
JTAG_UART control 20 ns (b0MHz) 2 IK logic cells
NIOS 1I 20 ns (60MHz) Sl logic cells
CPU Data master arbitrator 20 ns (50MHz) 0.2 K logic cells
Instruction master arbitrator | 20 ns (50MHz) 0.2 K logic cells
All system | Instruction master arbitrator | 20 ns (50MHz) 36 KK logic cells
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Global partitioning

Data processing part

Required performance

Data processing part

Application part

Color resampling

Color space converting
Clipper

Deblocking
Deinterlacing
Denoising

FRUC

Upscaling

Edge enhancing

Video mixer

S—-video card control
DVI card control

Video input control
Video output control
Video function control
Video channel control
Video resolution control
Frame buffer control

Strict real-time
Strict real-time
Strict real-time
Strict real-time
Strict real-time
Strict real-time
Strict real—-time
Strict real-time
Strict real-time
Strict real-time
None strict real-time
None strict real-time
None strict real-time
None strict real-time
None strict real-time
None strict real-time
None strict real-time
None strict real-time
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Hardware partition Software partition
Data processing: —S—-video card control
—Color resampling -DVI card control
—Color space converting —Video input control
—Clipper —Video output control
—Deblocking —Video function control
—Denoising —Video channel control
—Deinterlacing —Video resolution control
-FRUC —Frame buffer control
—Upscaling

—Edge enhancing
-Video mixer

Video interface:
—Clocked video input
—Clock video output
—-]O interface
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Group Component name Source
Quad video [2C master Bitec Ltd.
[0 and memory DVI Video.IZC master Bitec Lt.d.
controlling Clocked V%deo input controller |Altera l%brary
Clocked video output controller | Altera library
DDRZ2 SDRAM controller Altera library
Clipper Altera library
Color plane sequencer Altera library
Chroma resampler Altera library
Color space converter Altera library
Frame buffer Altera library
Video processi | Up—scaler Altera library
ng Video mixer Altera library
Deblocking filter Designed in the project
Hybrid deinterlacer Designed in the project
Denoiser Designed in the project
FRUC Designed in the project
Edge enhancer Designed in the project
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cpu
onchip_mem
quad_video_i2c_master
clock_crossing_0
my_alt_wvip_cti_1
my_alt_wvip_clip_1
my_alt_wvip_cpr_1
my_alt_vip_crs_1
my_hybrid_deinterlacer
avalon_streaming_sink
avalon_streaming_source
my_deblocker
avalon_streaming_sink
avalon_streaming_source
my_edge_enhancer
my_alt_vip_csc_1
my_alt_vip_scl_1
my_alt_vip_vfb_1
my_alt_vip_cti_2
my_alt_vip_clip_2
my_alt_wvip_cpr_2
my_alt_vip_crs_2
my_alt_vip_dil_2
my_alt_vip_csc_2
my_alt_wvip_scl_2
my_aklt_wvip_vfb_2
pipeline_bridge_0
altmemddr_bot
my_alt_vip_tpg_0
my_alt_wvip_mix
my_alt_vip_vfb_out_1080P
pipeline_bridge _2
altmemddr_top
my_alt_vip_itc

De=cription

Mioz || Processar

Cn-Chip Memory (RAK or ROM)
opencores_i2c_master
Ayvalon-kh Clock Crossing Bridge
Clocked %ideo Input

Clipper

Color Plane Sequencer

Chroma Resampler
hybrid_deirterlace_|P

Avalon Streaming Sink

Avalon Streaming Source
deblock_|P

Ayvalon Streaming Sink

Ayvalon Streaming Source
edge_enhance_|P

CSC

Scaler

Frame Buffer

Clocked %ideo Input

Clipper

Color Plane Sequencer

Chroma Resampler

Deinterlacer

CSC

Scaler

Frame Buffer

Ayvalon-kii Pipeline Bridge
DDRZ2 SDRAM High Performance Contr...
Test Pattern Generator

Alpha Blending Mixer

Frame Buffer

Ayalon-kh Pipeline Bridge
DDRZ2 SDRAM High Performance Contr ...
Clocked Yideo Cutput

Clock
clk_50
clk_50
clk_50
multipie

altmemddr...
altmemddr...
altmemddr...
altmemddr...

altmemddr...

altmemddr...

altmemddr...

multipie

altmemddr...
altmemddr...
altmemddr...
altmemddr...
altmemddr...
altmemddr...
altmemddr...

munipie

altmemddr...

clk_125

altmemddr...
altmemddr...

multipie

altmemddr...

clk_125

altmemddr...

Baze

0x01010800
001008000
0x01011000
000000000
000001600

000001100

& 0x00000000
& 0x00000000

000001000

@ 0x00000000
@ 0x00000000

End
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Ox0100££££
Ox0101101f%
Ox00001££E
Ox00001e7£

Ox0000147£

Ox0O7EEf££EE
Ox0O7EEf££EE

Ox000013£ff

Ox0O7EEf££EE

Ox07EfEffEfff
Ox00000f£f£
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cllc_50 attmemnddr_bot_aux_half_rate_eclk_ougtf—: - - - -0
reset_n atmemddr_bot_phiy_cl_outf—b e

attmemddr_top_aus_full_rate_clk_out
attmemddr_top_aux_half_rate_clk_out
attmemddr_top_phy _clk_out

glabal_reset_n_to_the_attmemddr_baot lozal_init_dome_from_the_attmemddr_bot
local_refresh_achk_from_the_attmemddr_bot
local_wdata_req_from_the_atmemddr_bot
mem_addr_from_the_atmemddr_bot[12..0]
mem_ba_from_the_atmemddr_bot[1..0]
mem_cas_n_from_the_attmemddr_bot
mem_chke_from_the_atmemddr_bot
mem_clk_n_to_and_from_the_atmemddr_bot
mem_clk_to_and_from_the_attmemddr_bot
mem_cs_n_from_the_atmemddr_bot
mem_dm_from_the_atmemddr_bot[3..0]
mem_dq_to_and_from_the_attmemddr_bet [31..0]
mem_dqs_to_and_from_the_attmemddr_bat [3..0]
mem_odt_from_the_attmemddr_bot
mem_ras_n_from_the_attmemddr_bot
mem_we_n_from_the_attmemddr_beot
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Module File name Source
Driver of S—-video card HSMC_Quad_video.hpp Bitec Ltd.
Driver of DVI card HSMC_Dual_DVI.hpp Bitec Ltd.

Driver of clocked video input

Clocked_video_input.hpp

Altera library

Driver of clocked video output

Clocked_video_output.hpp

Altera library

Driver of PIO control

Pio_control.hpp

Altera library

Driver of scaler Scaler.hpp Altera library
Driver of mixer Mixer.hpp Altera library
Driver of frame buffer Buffer.hpp Altera library

Driver of deblocker

Deblocker.hpp

Designed in the project

Driver of deinterlacer

Deinterlacer.hpp

Designed in the project

Driver of edge enhancer

Edge_enhance.hpp

Designed in the project

System defined parameter System.h Auto—generated by SOPC
User defined parameters User.h Designed in the project
Main program Main.cpp Designed in the project
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Initialize S-video card
InitializevDVI card
Start fra;e buffer

Initialize v‘rdeo mixer

s input video
stable?

Clear input video FIFO
v
Clear output video FIFO
v
Start input video
v
Start output video

v

Read user button status
Vv
Disable/enable function

I
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JCIC++ - main.cpp - Nios Il IDE =13
File Edit Refactor Mavigate  Search Run Project Tools  Window  Help
-G & & g g2 %-0-4Q- o i+ | &
= 5 ] by g i % Debug
]l Ir [€] mair.cpp 22 ) = 0O
(| =
| int mwain(void) =
B altera. components e 1 Bz
=125 VDP ' /% Initialise the HSMC Bitec DVI I/0 daughterce
# [ Debug HSMC Dual DVI dual dvi board(DVI_OUTPUT I2C MAS
€] deblock.hpp dual dvi hoard.enshle output():
D edge_enhancer.bpp
[£] user.h /% Initialise the H3INC Bitec Cuad Video daughte
] é application. stf H3MC Quad Video gquad analog in board(QUAD VIDEC
g Clipper.hpp gquad analog in board.init():
El Clocked_Wideo_Input.bpp
El Clocked_Wideo_Output.hpp /% Start the Frame Buffer MegsCore function */
i E] Deinterlacer.hpp = Frame Buffer Feader the frame buffer (MY ALT VII
i EI Frame_Buffer.hpp the frame bhuffer.start(): =
€] HSMC_Dual DVLhpp
E] H3MC_Juad_VYideo.hpp /% Initislise and start the Alpha Blending Mixe
I El [2C_Component.bpp Mixer the mixer (MY ALT VIP MIX BASE):
‘ E] the mixer.set layer position(l,0.0);
El Mixer.hpp the mixer.set layer enabled(l, true): 2
le| Scaler.hpp P A e T b | g
g swstem.h — : — — —
€] vipcars.hpp — || Problems [Tasks El consale E:E MF‘ru:uper_tiEs| 8B et B S e (M)
L-:E- YOP_svslib [system] C-Build [¥OP] ;
JE?DEI:'UQ . b |Build completed in 2.64 seconds ]
< I (. | el
[ €] ¥DRjmain, cpp
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1. Download VDP.zip file from
http://soc.chonnam.ac.kr/~tqvinh/VDP lecture/Project/

2. Import IP cores into SOPC system
Edge enhancing IP
Deblocking IP

Deinterlacing IP

B N~

Denoise IP

Generate SOPC system, and compile the top block
Download .sof file to FPGA

Open Nios Il IDE, and create new project

Add source files from |P folder

N~ OO o A OO

Compile and run the embedded software
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