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Introduction
This tutorial will demonstrate how to interface NTSC standard video from the ADV7181B TV
decoder to the ADV7123 VGA port on the Altera DE2 development board.

Hardware Requirements
- Altera DE2-115 Development Board
- NTSC standard video camera with RCA video adapter
- Monitor with 4:3 aspect ratio and VGA adapter

Software Requirements
- Quartus Il 32-Bit Version 12.1 SP 1

Assumptions
You are:
- Able to setup a quartus project as detailed within the introductory labs.
- Familiar with Qsys and are comfortable navigating its interface.
- Capable of wiring the top level vhdl/verilog file with qsys system components.

Provided Material

A demo quartus project is provided which was created following all the steps of this application
note. This demo is obtained by downloading and unzipping g7_video_app_notes.zip. It includes
the required Qsys system, top level VHDL, and DE2.gsf pin assignment file. This project is
ready to be flashed to the Altera DE2-115 development board.



Procedure

The following is a list of components you must add to your Qsys system. Note that the
component connections will be outlined at the end, as shown in Step 18.

1. Nios Il Processor

|~ Block Diagram ||| | FSetecra Nios 1 Core
[[] show signals sl Lore ® Nios llfe
) Nios I/s
CPU
) Nies 11/
clic data_master,
R Nios Ii/e Nios Il/s Nios 1/
- RISC RISC RISC
d_ir tag_debug_module_reset
1 rese Nios Il 32-bit 32-bit 32-bit
jtag_debug_modul ustom_instruction_master. Selector Cuide Instruction Cache Instruction Cache
nias_custen Branch Prediction Branch Prediction
Sitere nimabiooes Hardware Multiply Hartiware Multiply
Hardware Divide Harchware Divide
Barrel Shifter
Data Cache
Dynamic Branch Prediction
Memory Usage (e.g Stratix IV) [ Two M9Ks (or 2quiv.) Two MSKs + cache Three MIKs + cache

[~ Hardware Arithmetic Operation

Hardware multiplication type:

[ Hardware divide

[~ Reset Vector

Reset vector memory. Onchip_Memary s1 -
Reset vector offset 0x00000000
Reset vector: 0x00084000

[~ Exceprion Vector

Exception vector memary: Onchip_Memary.sl -

Exception vector offset 0x00000020
Exception vector: 0x00084020

2. On-Chip Memory (RAM or ROM)
“ On-Chip Memory (RAM or ROM)

Magaters” altera_avalon_onchip_memory 2

1
|5

[ Block Diagram
[ ] Show signals

|' Memory type

Type: RAM (Writable) |
Onchip_Memaory [] Dual-port access
i [Osinglec operation
clkl & : 3 .
clock 3| FRead During Write Mode: I:D
ak .
avalon il Blocktype: ﬂ
esetl i
reset
| : = 2 ; |' Size
tera_avalon_onchip_mem ary, ' Bl s =
Total memory size: [16384 | bytes

[ Minimize memory block usage (may im pact fmax)

™ Read latency

Slave s1 Latency:
Slave 52 Latency: Dj

¢| [ Memory initialization

Initialize memary content

[ ] Enable non-default initialization file

User created initialization file:

[ ] Enable In-System Memory Content Editor feature
Instance ID:

ECE 492 - 2016 G7



3. Clock Source

m Cloclk Source

Magaterss  ClOCk source
[~ Block Diagram | ; [~ Parameters
| Clock frequency: [s0000000 | Hz

[ ] showsignals
Clock frequency is known

Clock | Reset synchronous edges:

glein clock clock] &l

cllk_in_reset clk_rese
reset reset|

clock_source

4. Clock Signals for DE-series Board Peripherals

m Clock Signals for DE-series Board Peripherals

Mogaterss  BILEMA_UP_Clocks

[~ Block Diagram | : T | :
[] showsignals DE-Series Board: DEZ =
Clock_Signals [~ Optional Clocks |
o i [soram
cli_in_primary clock SIneh sys_cl n
. i i Video (WGA and SMP Digitial Camera)
clk_in_primary_reset sys_clk_rese i
reset reset| DAule
voaclel |
clack il Audio Clock Frequency: :D MHz
altera_up_clocks

ECE 492 - 2016 G7



5. Audio and Video Config

“ Audio and Video Config
Megacors’ altera_up_avalon_audio_and_video_config
[ Block Diagram |
[] Show signals

e

[* Components |

Audio/Video Device: |On-anrd Peripherals |v|
: DE Board:
AV _Config L
Auto Initialize Device(s)
clock_reset
lock _ _
A e e o [* Ao Initialization Farameters for Audio

Audlio In Path: Lire Into ADC -

[] Audio Out - Enable DAC Output

E\talon_a\t_confi g_slave
avalon

external_interface

onduit

|:| Audio Out - Microphone Bypass

altera_up_avalon_audio_and_video_config

[]Audio Out - Line In Bypass

Data Format: Left Justified ||
Eit Length:
Sampling Rate: 48 kHz
[* Awuno Initialization Farameters for Video |

Video Source Format! |yTsc | w

[* Auto Initialization Parameters for 5 Megapixel Camera (TRDB_D5M) |

Resolution: \

|:| Enable external exposure port

6. Video-In Decoder
“ Video-In Decoder

Megaters’ altera_up_avalon_video_decoder

[~ Block Diagram |

[~ Parameters |
[] show signals ;| Video-In Source: o _poard Videa In (NTSC ar PAL) |v|

Video_Decoder

clock_reset x avalon_decoder_sourc
lock avalon_streaming

clock_reset_reset
eset

external_interface .
onduit

altera_up_avalon_video_decoder
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7. Clipper

Clipper

w

Megators”

altera_up_avalon_video_clipper

Documentation

[ Block Diagram

[ Showsignals

Video_Clipper

clock_reset

avalon_clipper_sourc

clock_reset_reset

lock avalon_streaming

walon_clipper_sink

eset

_streaming

altera_up_avalon_video_clipper

~ Incoming Frame Resolution

Width (# of pixels):
Height (& of lines):

[720
244

™ Reduce Frame Size

Columns to remove from the left side: |40
Columns to remove from the right side: (40

Rows to remove from the top:

Rows to remove from the bottom:

~ Enlarge Frame Size
Columns to add to the |eft side:

Columns to add to the right side:
Rows to add to the top:
Fows to add to the bottom:

Added pixelvalue for plane 1:

0x00000000
Ox00000000

Added pixelvalue for plane 2:
Added pixelvalue for plane 3:
Added pixelvalue for plane 4;

~ Pixel Format
Color Bits:

Color Planes:

8. Chroma Resampler

Chroma

=

Megolorn

Resampler

altera_up_avalon_video_chroma_resampler

Documentation

[~ Block Diagram

[ Parameters

[ ] show signals

Incoming Format: [yvorcp 422 n

clock_reset

Video_Chroma_Resampler

clock_reset_reset

clock avalon_streaming

avalnn_chroma_snurce.

Outgoing Format: [vorcp 444 =

valon_chroma_sink

reset

avalon_streaming

altera_up_avalon_video_chroma_resampler
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9. Colour-Space Converter

Colour-Space Converter

altera_up_avalon_video_csc

-

Megators”

Documentation

[~ Block Diagram

; |v Mode

[] showsignals

Video_CSC

clock_reset

cloclk_reset_reset
p——————————————{raset

wvalon_csc_sink

avalon_streaming

Avalon_csc_sourc

clock avalon_streaming

altera_up_avalon_video_csc

Colour-Space Conversion: [444 ¥CrCh to 24-bit RGE |v|

10. Scaler

Scaler

altera_up_avalon_video_scaler

w

Megotore”

[~ Block Diagram

Documentation

[] Show signals

[ Scaling Parameters

Width Scaling Factor: |gg |-

Video_Scaler

clock_reset
clock

clock_reset_reset

reset

walon_scaler_sink

avalon_streaming

avalan_streaming

avalon_scaler_sourcs

altera_up_avalon_video_scaler

Height Scaling Factor: |1 o

Incoming Frame Resolution

Width (# of pixels):
Height {# of lines):

G40
240

[~ Pixel Format

Color Bits:

Caolor Planes: =

e |

11. DMA Controller

w

Magatsrs”

DMA Controller

altera_up_avalon_video_dma_controller

|v Block Diagram

[] show signals

Video_DMA

clock_reset

clock_reset_reset

Bsel

Evalon_dm a_sink i
avalon_stream ing
Evalon_dm a_control_slave
avalon

avalon_dma_master

lock avalor

altera_up_avalon_video_dma_cantraller

Documentation

| [= Addressing Parameters

Addressing Mode:

- bt
Default Buffer Starting Address:  |0x00000000
Default Back Buffer Start Address: |ox 00000000

[* Frame Resolution

Width (# of pixels):
Height (# of lines):

[320
240

™ Pixel Format

Color Bits: |a
Color Flanes:
™ Mode

DMA Direction:

|From Stream to Memory |v|
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12. SRAM/SSRAM Controller

%&  SRAM/SSRAM Controller
altera_up_avalon_sram

Mogators’

[~ Block Diagram |
[] show signals

[* Configurations

DE-Series Board:

Use as a pixel buffer for video out

Fixel_Buffer

clock_reset
= clock
clock_reset_reset
- - reset
external_interface .
= conduit
valon_sram_slave
= = avalon

altera_up_avalon_sram

13. Pixel Buffer DMA Controller

%&  Pixel Buffer DMA Controller
altera_up_avalon_video_pixel_buffer_dma

MegoaCors

|= Block Diagram |
[[] Showsignals

[~ Addressing Parameters |

i Addressing Mode: =
: Default Buffer Start Address:

Pixel DA ; 0x00000000

Default Back Buffer Start Address: [Qx00000000

clock_reset avalon_pixel_dma_master ; _ -
lack ava [* Frame Resolution |
clock_reset_reset o R e avalon_pixel_sourc Width (# of pixels): |320
walon_control_slave i Height (# of lines): 240

[* Pixel Format |

Color Space: 24-hit RCE -

altera_up_avalon_videa_pixel_buffer_dma

14. RGB Resampler
“ RGB Resampler

MagaCors” altera_up_avalon_video_rgb_resampler

Documentation

|~ Block Diagram | | [~ Parameters |

[] Showsignals i| Incoming Format: 24-bitRCE ||
| outgoing Format; 30-bit RCE =

Pixel _RGB_Resampler Alpha Value for Output:

clock_reset

: a\ralon_rgb_sourcs
clock avalon_streaming

rezet

clock_reset_reset

walon_rgb_sink

avalon_streaming

altera_up_avalon_video_rgb_resampler
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15. Scaler

“ Scaler

Megetors altera_up_avalon_video_scaler

Documentation

[~ Block Diagram

[] Showsignals

|~ Scaling Parameters |

Pixel_Scaler

clock_reset

clock_reset_reset
=2

reset
valon_scaler_sink

avalon_streaming

avalon_scaler_sourc

clock avalon_streaming

altera_up_avalon_video_scaler

Width Scaling Factor:

Height Scaling Factor:
[* Incoming Frame Resolution

Width (# of pixels): 320

Height (# of lines): 240

|v Pixel Format

Color Bits:

o |
Color Flanes: =

16. Dual-Clock FIFO
“ Dual-Clock FIFO

Megators” altera_up_avalon_video_dual_clock_buffer

Documentation

[~ Block Diagram

[] Showsignals

[ Pixel Format |

Color Bits: |1n

Dual_Clock _FIFO

clock_stream_in

valon_dc_buffer_sink

avalon_streaming

clock avalon_streaming
clock_stream_in_reset

reset
clock_stream_out

clock
clock_stream_out_reset

reset

altera_up_avalon_video_dual_clock_buffer

a\ralon_dc_buffer_sourc_e‘

Color Planes:

17. VGA Controller
“ VGA Controller

Magotors’ altera_up_avalon_video_vga_controller

Documentation

|' Block Diagram

[ ] show signals

¥ [~ Device and Mode |

VCA_Controller

clock

clock_reset_reset
reset

valon_vga_sink

avalon_streaming

external_interface :
conduit

altera_up_avalon_video_vga_cantroller

DE-Series Board:

Video Out Device: |\|’Cﬂ« ERERELIaE |v|
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18. Component Connections

- T T
SR =
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B e !

tlk
regein
data_matier
InEirysbigr_marier
Fag_debug module_rere
g gebug moduls
CUTHA_InEIrucnan_masier

B fnaihip Memary
elkk
sk
resell

B Chdk
el
elie_in_resel
113
ehk_rede

B tiock_tignah
elk_im_primary
cl_m_primary_reisl
ek
TYE_sh_repnt
sgaklk

El A¥_Config
clack_revet
clack_resei_ress
RN A SR slae
expermal_imerface

B Videa [ecssi
clack reser
cloch resel_ress
wRln desoder Sounce
exvernul_imerace

B Vides_Clipger
chack redel
chack_reLel_reatt
wiloh_ghpper_tik
Evhloh_glipper_feunie

B Video_Clwomia_ ey smpier
clatk_reinl
clack_retel_roz
wralon_ghrama_gink
wralon_ghroma_rourge

E Video_ChC
clacik_razet
clogk_repeiressd
walon_cEC_gink
FAIDN_CEE_SOUrTE

B Vilea_ Scaler
clack_reger
clack_resel ress
Al SCaler, 5 in
wAlon SCaler Sourie

El Videa_DHA
clack_raget
clack_regel_resd
wralon_dma_gini
svalon_drea_sorarpl_slave
wvalon_dm _marier

E Pinel_ Bedier
clack_razet
cloch_resei_ressn
exrernal imerface
awalon, sram  slase

B Fixel DA

chack reset
chack_resel_ressl
aRlon_ pleel dmi_mac e
walon_ ceatnal_ sl
wvalan_pleel_fsurce
@ Fixel RGH_ R awg ber
clagk_refel
clagk_refel_redst
wralen_rgh_iuik
aralen_rgh_itarcn
B Fivel_kcaler
dlagk_radel
clack_repel_ressd
wyalon_gsaler_gink
wvalon_scaler_source
E Ml Cloack TG
clack_ssream _in
clack_nream in_recat
clack_smream gut
clock_ smream aut_rese
RN, g0 butler_sink
RN, o budTer, source
B VEA_ Coatialler
chack_reset
chack_resel_ress
aRlOn g, gink
earennul_imerate

Clack Input

[Renel gt

Wwalon Memary Mapped Master
Hhyalon Memgry Mapped Master
Resel Cuipui

vy alon Keemary Mupped Slave
Cuinm Insirussien Harisr
in-Creg Hemory (PAM ar RO
Clack Input

Hvalpn Memary Bapoed Sliee
Regtl bngur

Clack Source

Clock Inpin

Regel dngur

Clagk Gutpan

Beser Owpu

|Etack Sigrais for DE-Taries B
iqlu:k Input

P gt

Clack Cutpes

Reyed Duipud

Clock Jutpen

thustin and Wides Config
Clack Input

Renel tnput

dymlon Memary Mepped Slave
Candui

Wiz D= In Decoder

Clack input

[Rese1 bmpur

!in-u:-n freaming Source
Candufn

Cligper

Clack Input

Reatl gt

Wyaien Treaming Sisk
vhlen Driming Tourie
|Ehram i Rrianpier

itlu:k Input

Briel bnput

[Awalen Srneming fink
dhralen Bireaming purge
Calour-Jpace Comvarter
Clack Input

(Peget gt

dvalpn $reaming Rk
Wyalon Ftreaming Source
Scaler

Clack Input

Resel dngun

Wvalnn Sreaming i
\valon frreaming Source
oMs, Conlraler

Clack Input

Penel Ingut

Wwalen Firesming Fink

ey alon Memary Mapped Slawe
dvalon Memary Mapped Master
SRAMSERAM Cortrgller
Clack Input

Fege bngun

Candun

‘valon Memary Bapeed Sliee
Fiwel Buffer DA Comarolier
Claik Input

RETE] bogit

Vv alen Memary Mapped Muster
Vb ileehi RBeE &Py Migped Slioe
v alen Direaming Source
RLE Reswmpler

|Clack input

Redat gt

Bealen Preaming bk
Avalen Brgeming Sourdr
Staler

(Eladk Input

Rapet gt

Wwalon Fresming biok
Wwalon Hreaming Source
Dyat-Clogk FFQD

|Elnck Inpui

[Fesei bngur

Clack Input

Fesr bngun

i valon Tireaming Tick
yalon Tireaming Source
(WCA Comrolsr

Claik Input

Flm legun

wilish SAremming T
Camdui

Clock ik in

Scondigevieinal_imser face

wkdeo decoder eaternal e fae

e |_Barlier_eviernal_imerface

1
] (4
di 1 clack_reser]
1 claek_reser]
cailEaller _exnernal_ ibe fade

s

ekl
Relkt]

Clatk

il
Aete_m_pnmary]
|FrE_kik

:n. Tk

'*fna._:ll

Ayl
clock_reset]
Actockoresen]

Aok
Aelock_resen]
Helock_resen]

Witk

elack_reset]
elaek_redel]
elagk_redel]

Il.[l_ll

fetack_razel}
Ii;llnk_ruu:l
ielmck_resel]

el

clock_rexei]
chagk_rese]
clogk_resel]

.L“ - 3
[cloci_reser]
Aelock_resen]

feluek resen]

i

tlotk_revet]
tinck_reset]
Hotesk_rezni]
t:lu:k_rem]

LN
:'!tlutlr_rull]
|
Helockresen]

(LR

tlock_resel]
clogk_resen]
cloek_resel]
clack_rese1]

Ln_cl

Yelack_reter]
Helack_retet]
Heiaek_reie]

el

clack_razet]
dinck_rezel]
tinck_rezet]

L
Teimck_scream _in)
o
:1I:I-:-I:Ir_.!|:r!m..u.
Itlock stream in|
Helogk_guream 0.



After adding all components as listed above, refresh memory addresses by System->Assign
Base Addresses. Generate the system and copy the VHDL example from Qsys to your top level

file.

Your top level VHDL should be wired similarly(names may differ):

ud

component niosII system

port map |

reset reset_ n
clock clk in clk

pixel buffer external interface DQ

pixel buffer external interface ADDR
pixel buffer external interface LE N
pixel buffer external interface UB N
pixel buffer external interface CE N
pixel buffer external interface OE N
pixel buffer external interface WE N

vga_controller external interface CLK
vga_centroller_external interface HS
vga_centroller_external interface VS
vga_centroller_ _external interface BLANK
vga_centreoller_external interface SYNC
vga_centroller_external interface R
vga_centroller_external interface &
vga_centroller_external interface B

av_config_external interface SDAT
av_config _external interface SCLEK

videc decoder_ external interface TD CLEKZ27
videc decoder_ external interface TD DATA
videc decoder external interface TD HS

videc decoder external interface TD VS

videc decoder_ external interface TD RESET

=> KEY(0),
=> CLOCK 50,

=> SRAM DQ,

=> SRAM ADDR,
=> SRAM LB N,
=> SRAM UB N,
=> SRAM CE N,
=> SRAM OE N,
=> SRAM WE N,

=> VGA_CILK,
=> VEGA_HS,
=> VEGA_ VS,

=> VEA_BLANK,

=> VGA_SYNC,
=> VCA_R,
=> VCA_G,
=> VCA_B,

=» I2C SDAT,
=» I2C SCLK,

=> TD CLK27,
=> TD DATA,
=> TD HS,
=> TD VS,
=> TD RESET

Next, make sure to update your pin assignments by setting TD_CLK27 to PIN_C16 in the

DE2.gsf file. A proper video output will not be achievable without this.

1444 set location assignment PIN V24 -to

1445 set location assignment PIN V23 -to
446 set location assignment PIN W25 -to
447 set location assignment PIN W23 -to
448 set location assignment PIN C16 -to

449

ARR cat nlnhal accinanmant -name DARTTTTNAM MFTI TET TVYDF SAHIRCFE

GPIO 1[
GPIO 1[
GPIO 1[
GPIO 1[
TD CLK27

-cartinn

id Tnn

Finally, compile your project and flash it to the DE2 board. After connecting your monitor and
camera via VGA and RCA adapters respectively, you should obtain streamed 640x480 30-bit

RGB video.
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