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Agenda

= What is the VIP Suite of intellectual property (IP)
cores?

= Why we built VIP Suite: Typical signal chains
Implemented using VIP cores

m Overall VIP value proposition
mVIP Suite — core detalls

m Avallable VIP resources
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Video Image Processing (VIP)

Line Buffer Compiler
2D Median Filter
Video Image
Processing (VIP) Suite Color Space Converter
JALTEERAY
Chroma Resampler

_ Alpha Blending Mixer

Suite of building block IP for video processing
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Downscaling — Monitoring Application

m In various kinds of systems, there is a need to downscale
and view large video frames on a small display —
monitoring signal chain

m VIP cores let you quickly build a high-quality monitoring
signal chain by combining the polyphase scaler with other
appropriate cores; an example is shown below

Y CrCb Y Cr Cb RGB RGB
4:2:2

4:4:4

Downscaled
Image

4:4:4
Polyphase

Chroma Color Space
Scaler

Resampler Converter
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Upscaling — Zooming-In Application

m In various kinds of systems, there is a need to crop a certain section of
a video frame and upscale that portion to view on a display

m VIP cores let you quickly build a high-quality upscaler using the built-in
crop features within the scaler

m The bicubic scaling option that is built in the VIP scaler offers the best
guality/resource trade-off for an upscaling application

Polyphase Scaler
1-color plane

RGB

Polyphase Scaler
1-color plane

‘ Upscaled
Image

Polyphase Scaler
1-color plane
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Video Mixing Application

m In various kinds of systems, there is a need to mix two
streams of video and display on the screen

m The VIP core can let you quickly build multiple custom
video processing chains and mix, for example, two
streams using the alpha blending core

Y Cr Cb Y Cr Cb RGB RGB
4:2:2

- Chroma
Resampler

4:4:4 4:.4:4 4:.4:4

CoIorSpace - Polyphase - Composite
Scaler Image

Converter

RGB RGB RGB
4:4:4 4:4:4 4:4:4 Blender

‘ 2-D FIR ‘ Polyphase -
Filter Scaler
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Typical Signal Chains: Summary

m There are various other types of signal chains that
can implemented using the VIP cores as well as
using VIP cores in conjunction with your custom
cores

m VIP cores are designed for easy connectivity,
allowing you to start a design using a VIP core and
swap It with your custom function

®= |[n many applications the VIP cores are used to do
the simple pre-processing and combined with your
custom IP to create a complete signal chain
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Overall VIP Value Prq
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Video Image Processing with FPGAs

m Video processing that is computationally
Intensive, fits elegantly in the inherently

parallel FPGA architecture I.e.
— Polyphase video scaling
— Motion estimation/compensation

— Motion adaptive deinterlacing

m VIP Suite consists of blocks commonly used
to Implement complex video/image processing
circuits
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Using Altera VIP Cores: Quartus Il Software

m VIP cores are configurable using Quartus® design software

MegaWizard Plug-In Manager [page 2a] il

Which megafunction would you like to customize?

Select a megafunction from the lizt below

5] Akera SOPC Buider =]

&3 Avithmetic

88 Communications

=& DSP

¥-f&d Eror Detection/Camrection

& Filters

& Signal Generation

- Transforms

Elﬁ Yideo and Image Processing
-4 Alpha Blending Miser v1.1

Alpha Blending Miser v6.7

Alpha Blending Miser w7,

Chroma Resampler +1.0.0__|

Chroma Rezampler vE.1

Chrama Rezampler w7.1

CSCw3.00

C5C w61

C5C 7.1

Deinterlacer w1.0.0

Deinterlacer w61

Deinterlacer «7.1

FIR Filter 200 »1.0.0

FIR Filter 2D vE.1

14 FIR Filker 2D 7.1 hd
1| | »

“wihich device Family will you be Shrati | G j
uzing?

which type of autput file do pou want to create?

" &HDL

" WHDL

{* ‘erilog HOL

What name do you want for the output file? Browse... |

|E:\Dncument$ and Settingzhsdhanani\Desktopiy P71 Denma’

™ Rieturn to this page for another create operation

Mote: To compile a project successfully in the Quartuz 1| zoftware,
your dezign fles must be in the project directon, in the global wser
librariez specified in the Options dialog box [Toaolz menu]. or & uzer
library specified in the User Libraries page of the Settings dialog
box [Aasignments men).

Your current user library directories are:

Froject User Libraries;

chalterah 71 hiphdeinterlacerslib'

c:halterahB 1 vphddr_ddriZ_sdramblibh
chnec_workbwideo_ip_esample_design_2c35_v61_bnan_caontolle

Cancel | < Back | MHext » I Firnsh |

-* Generation - Deinterlacer 7.1 = =] 3]

(%) Info: dt: Yariation Mame : dt
() InFo: dt: Variation HOL : Yerilag HOL

() Info: dt: Generating HOL...

|(3) Info: dt: Generating hardware. ..

() Info: dt: Copying design Files to project...
|[3) Infa: dt: Invoking vip_setup.tcl script...

(%) Info: dt: Updating user's project directary, ..
|[7) Info: dt: Generation Successful,

Generation Successful

|[3) Infor dt: Output Directory @ C\Documents and SettingsisdhananiiDesktop\WIPT 1 Demo

() Info: dt: Generating MegaCore function top-level...
() Info: dt: Adding Design Files to Quartus project ...

Cance| Exit
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Using Altera VIP Cores: Simulink

m VIP Suite can be configured using MATLAB/Simulin

Wergion 7.4.0,.287 (R20074)
Jangary 29, 2007

Licerse Mymber. 208177
Suhel
Altara

Copyright | B4+ 2007, The Machwerks, Tac.
Protested by US: patests, Sen wwmimathore

<\ The Mathworks

nulink Library Browser
Fle Edt View Help

=lolx]

D o5 50 dh |

alpha_blending_mixer_v1_0_0: %hen you double-click on this block it invokes the megacore user
interface which allows the usei to generate allthe fles requited ta integrate the parameterised core into the

mods,
- T Simulink A
.. ] Altera DSP Buider Blackset ot | slpha blending miver_ 10,0
2 AllElocks
] AltLab s | alpha_blending_miser_vE_1
23] Avithmetic
2] Boards alpha_blending_miser_v7_1

] Complex Type
- 2] Gate & Control
- 2 Interfaces
3 10 & Bus
2 MegaCore Functions
- B Rate Change
] Simulation Blocks Library
2] State Machine Functions
2] storage

ot | Communications Blockset
- ] Cantrol system Toolbox
¥ Image Acquisition Toolbox
| Link For Modelim
1 W RF Blockset
- Wl Real-Time Workshap
B Report Generator
1 W Signal Processing Blockset
- W] simulink Contral Design
- | Simulink Extras
B Simulink Yerification and Yalidation
- | Stateflow
vt | Wideo and Image Processing Blocksst
- I Wirtual Reality Toolbox

Ready

LN WK N R e i

chroma_resampler_v1_0_0
chroma_resampler_vE_1
chroma_resampler_v7_1
oso_v3 0.0

oso_vE_1

oso_v7_1
deintelacer_+1_0_0
deintelacer_vE_1
deinterlacer_v7_1
fir_fiter_2d_v1_0_0
fir_fiber_24_v6_1
fi_fiter_24_v7_1
gamma_carrectar_1_0_0
gamma_carrector_vé_1
gamma_carrector_v7_1
median_fiter_2d v1_0_0

median_fiker_2d_v6_1

median_fiker_2d_v7_1

NEE

Fle Edt Vew Seulshion Fomst Took Hep

D@ SRR st (22(r o f [ew RO BE@E

£
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SOPC Builder Support

' Allera SOPC Builder - Video_IP_Exomple_Design S0PC_Component.sops {0t Wideo_IP_Fxample_Design_ 2035 w71 _revAWideo_IP_Example_Desig
Fin Ed Modie Systen View Tooks Help

Swaterm Eai&l‘.: Soysiem Charer ston

A ARera SOPC Busaen
I8 Creado rerw compersn

CEeima_fetamgier_v7_1_F
cag w7 _1_iepon
dertsiiacer v _1_di
dewberiacer_vT_1_mmpori
Heos § Froceseo
soser T N _inpo

& Ewickpea and Adapbers

= D[SPBusdsr Sysiema

ecwnple_design_dsls _
+ inberiace Profocols
# Legacy Components

= Memories and Memary Cortrote | [¥]

exnmple_design_conin
risc_componie_input
opercones_{2c_master

Target

Dervice Farmlly | Cyciores |

Chock Sattrgs
M SoaEe WHx
el Exteimal Ax0

B my_nasmgle_design_dsts_path

Aieon§ TSk [

‘

Figad
AwikarS TSt

etk ST SOATHE
vl _masher_read
bl _praster_wris
B _iraaring sk

B wga_pasipan 0
avalon_sienveng i

B dde2_sdram 0
¥ 1

Wideo datapath

Ceacripian
wwsple_design_coniroler
Myvalon Mades
opencones_Oo_master
Anvalon Slave
misc_componie_ngul
Acvsion Slve
Avalon Streeming Souce
poraengie_detigr_dala_palh_interince
oo Mad or
powalan Sirsameng Skl
uvadon Matiee

JRvalon Stieheng S

bripla_Businr

valan Siigasng Taerce

WArvalon Masier

Avalon Maced

Avakon Slipasing Tk

g, Dl

Avalon Streasng Sink

DOR2 SORAM Controdier MegaZone Funclion - Aller
JAvalon Shave

2k
ik

Lid

L8
LiLd

sl

gk
ik

Ly

File Edit Module

Systemnm MWiew  To

System Contents | System Generation |

FJ Attera SOPC Builder
d,_'_.l Create newy componert ..
---Irlterface Protocols
---Memnries and Memary Cortrollers
I:E| ~*ideo and Image Processing
3 Alpha Blending Mixer
- @ Chroma Resampler
B CSC
@ Deinterlacer
» FIR Fiter 2D
w3 Gamma Corrector
¥ Median Fitter 20
¥ Scaler

m All the VIP cores are SOPC Builder ready — they can be instantiated
and connected using the SOPC Builder environment

= VIP signal chain built and simulated using Simulink can also be
exported as a system on a programmable chip (SOPC) component
and connected to other system blocks using the SOPC Builder

© 2008 Altera Corporation—Public
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VIP Value Proposition

m Altera VIP Suite of cores are basic building blocks for
video/imaging systems

m VIP IP cores speed up your development cycle by
allowing you to focus on IP that is your value add

m VIP cores are designed for easy connectivity, enabling
seamless mix-and-match of Altera and proprietary cores

Accelerating Your
Time to Market

© 2008 Altera Corporation—Public Alm
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VIP Suite — Core Det:

.....



VIP Suite: Avalon ST Video = Clocked
Video

1 Clocked Video Input - my_alt_vip_cti

Q& Clocked Video Input el ® For example if the input is
a HD-SDI 1080i video

e Sstream

Preset conversion : |HD-SDI 1080 v| [ Load vaues into cortrols ]
rAvalon-ST-Video Image Data Format - Avalon-ST-Video IntalDefault Control Packet - o S e | e Ct th at fo r m at I n th e p u | I

Bits per pixel per color plane : 10/ Bits O Progressive © interiaced d own menu

Number of color planes : i2 v_‘ [ Image Width |

R e == Progessive IFeld 15208 pues — Set other parameters such as

s - bits per pixel, # of color planes,

enerl Promrs Progessie Pt image dimensions, etc as

Pixel fifo size 1,920 |‘,; Pixels .Field g e 540 % Pixels

shown
Clocked Video Sync Signals

] es sepio oot © Enbedidinvisen () Onseperae wies — Automatically conver from SDI
to Avalon ST Video format

[] Video in and out use the same clock

|

© 2008 Altera Corporation—Public Alm
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VIP Suite: Clocked Video = Avalon ST
Video

— =m For example if you neecC

rgecors

= to create a DVI 1080p

s video stream

Prese! conversion - [Dviosm
Image Data Farmat ~ Synes C.:mﬁgu'dian . Frame Disgram _ S e | e Ct th at fo rm at i n th e p u | I
Imags width [ Active pireis 1,920 55| Pixels Sync signds © () Embedded in videc
;";Qﬂ hei.ght.fActi\'c lines : 1,080 ‘C‘. Li.nes () On seperate wire: d Own m e n u
per pivel par color plana 85| Bits
Mumber of colar planes : 3 v! : W front Porci}e Blanking
Color plane transmission format: () Secuence v stne - Set Other param ete rS Such aS
() Parallz! Harizortal sync 60 % Piels — Dmhﬁe - -
[ intertaced video Horizontal front porch : 20(% | Fixcls Active Picture bItS per p|Xe|, # Of COIOr planes,
Horizontsl back porch - 1924 Pixels . . .
et ||| image dimensions, etc as
Vertica front porch: 45 Lines
peaies Shs Verticel back porch - 36(% | Lines S h OWn
Pixel fifo size © 1,920 /2| Piels T T
)R B ARG H fantTH s;rnc:,I\H back Active pixels S | h
[] use stopige cortral port parch parch - e eCt t e SynC param ete rS
Mumber of image modes : A Mode:

— Automatically convert from
Avalon ST Video to the DVI
format

© 2008 Altera Corporation—Public Alm
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VIP Suite: Color Plane Sequencer

m The Color Plane Sequencer can change how color plarie
samples are transmitted across the Avalon-ST interface

m The color pattern of a video data packet can be
rearranged in any valid combination of channels in
sequence and parallel.

m The Color Plane Sequencer can also drop color planes.

L[ >

Color pattern of a video data Color pattern of a video data
packet on the input stream packet on the output stream
3 color plane samples in sequence 3 color plane samples in parallel

© 2008 Altera Corporation—Public Alm
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation @

17



VIP Suite: Color Plane Sequencer

Example shows a Color Plane Sequencer used to split an Avalon-S
containing 4:2:2 subsampled data (Y'CbCr) into separate luminance (

Port Configuration

Bit= per pixel per color plane : ‘

W T piels per port

dind

Port and Channel Mapping

Bit=

bl

chrominance (Cb,Cr) streams

Color Plane Sequencer

doutd

W Port enakled

Source non-image packets from port |din a

Documentation

i | ["] Halve control packet width

Color planes in parallel : Color planes in sequence : . .
Color planes in parallel ; Color planes in sequence
Symbal (t+0) Symbal (t+17 Symbal (t+2) Symbol (t+3)
Bitz (7-0) h A Cr ' Syimbol (t+0) Swinbol (t+1) inactive inactive
inactive Bitz (7-0) Ch cr
inactive inactive
inactive
din! dout1
[ Port enahled W Port enahled
Source non-image packets from port;  |din 0 » | [ ] Halve control packet width
Color planes in parallel : Color planes in sequence | — | —
Calar planes in parallel ; Color planes in sequence :
inactive inactive inactive inactive P P F q
inactive Symbal (t+0) Syrhbal (1] inactive inactive
inactive Bits (7-0) i It
inactive inactive

inactive




VIP Suite: Frame Buffer

m The Frame Buffer core is
used to buffer video frames
Into external RAM ;

Avalcn—STlnput%

m |t supports double or triple- @ :
buffering with a range of S I

options for frame dropping

- >
i Avalon-ST OQutput
i (dout)

and repeating

m The Frame Buffer is built
with two basic blocks

— A writer which stores input pixels
into memory

— A reader which retrieves video
frames from the memory and
outputs them

© 2008 Altera Corporation—Public Alm
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation @

19



VIP Suite: Frame Buffer

m Frame Buffer settings to allow for triple-buffering of a
480x720 R'G’B’ video stream transmitted in parallel

4 Frame Buffer - my_alt_vip_vfb
Frame Buffer

“- oL

Image Data Farmat - - Behavior -

Maximum image width : 480 5 Pixels External memory port width | 256 5_"_5
= Base address of frame bhuffers: 000000000
Maximum image height ; 2704 Pixels
[ ] Runtime control for the writer thread
Biis per pixel per color plane : 8% Bis
- Frame dropping
Mumber of color planes in sequence : i1 || Planes ) ) =
e — Write-only masier interface FIFO depth : 645
MNumber of color planes in parallel 3_*:! Planes Wirite-only master interface burst target 92 :

|:| Runtime contral for the reader thread
Mon-image data handling

Frame repetition
Mumber of packets buffered per frame 15 Read-cnly master interface FIFQ depth - 64 =
) : Read-cnly master interface burst target : 32
Maximum packet length : 105
; 3 frame buffers are reguired, afotal of 1216 kilobytes.
© 2008 Altera Corporation—Public Alm
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VIP Suite: Clipper

m The Clipper MegaCore function provides a means to
select an active area from a video stream and discard the
remainder

= The active region can be specified by either providing the
offsets from each border, or by providing a point to be the
top-left corner of the active region along with the region's
width and height

m The Clipper can deal with changing input resolutions by
reading Avalon-ST Video control packets

= An optional Avalon-MM interface allows the clipping
settings to be changed at runtime

© 2008 Altera Corporation—Public m
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VIP Suite: Clipper

m Shown is a Clipper core parameterized to crop the upper-
left 640%480 pixels of a 1024x768 video stream.

i —_
|4 Clipper - my_alt_vip_clip

m Clipper !

Magalors
Parameter
Settings

rimage Data Format -

IMaximum wicth : 1,024 5 Pixels

Maximum height : 768 % Pixels

Bits per pixel per color plane ; Bi% Bis

Mumber of colar planes in sequance: |'3—|E Planss

Mumber of color planes in parallel © |1 _!_v Planes
Cliping Optiors-

I:l Include Avalon-Mi interface

Clipping method : EEFEEEE'E_N
Left Offset ' 0 Pixes
Wicth - 640 3 Pixels
Top Offset: 01| Pixes
Height : 4805 Pixes
© 2008 Altera Corporation—Public —
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VIP Suite: Run-time Configurable Polyphase
Scaling

D1/SDTV: 720x480

HDTV 1080p: 1920x1080

m High-quality multi-tap scaler with use models in monitoring
(downscaling) and zooming (upscaling) applications

© 2008 Altera Corporation—Public Alm
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation @

23



VIP Suite: Run-time Configurable Polyphase

Scaling

] Scaler - my_alt_vip_scl

“ Scaler

.' 0 Scaler - my_alt_vip_scl

1| Documentation

Scaling from arbitrary input image
size to arbitrary output image size

[] Run-time control of image size
Input image width : 1,024[2] Pixels
Input image height : 76815 Pixels
Output image width : 6402 Pixels
Output image height : 480(% | Pizels
Bits per pixel per color plane : 83 Bis
Number of color planes : |3 _E‘ Planes

Color plane transmizsion format © | Sequence [EI

Color planes can be inputin
parallel or in sequence

Scaler
I.F\bal.lt 8]

Set the number of taps & phases in
= the horizontal and vertical dimension

—Scaling

Scaling algorithm : Folyphase | ﬂ
MNumber of vertical taps : 4% Number of verical phases ; [16 |9
Number of horizontal taps ; - 4 _:,} MNumber of horizontal phases . 16 |E|

—Wertical Coefficient Precision
Mumber of bits uzed in vertical coefficients:

Signed  Integer bits ; 1/2]  Fraction bits : 7
The total word length of each vertical coefficent iz 3 bits
~Horizontal Coefficient Precision -
humber of bits to preserve between vertical and horizortal fitering : 975 bis
MNumber of bits used in horizontal coefficients:
Signed  Integer bits LS Fractionbits: | ?:_—31'

The total word lencth of each horizontal coefficent is 9 bits

Set the co-efficient precision

ch | Mext = || Finish

[ ancel || <Back | [ Next > | [ Finish |

© 2008 Altera Corporation—Public
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VIP Suite: Run-time Configurable Polyphase
Scaling

i “ﬂ_-ltt_ﬁ'ﬁ?__ o
Scaler

Preview the coefficients

: e Scaler Vertical Coefficient Preview uw
.. Phaze Coeff 0 Coeff 1 Coeff 2 Coeff 3
Choose coefficients generated from 0 0 128 o o
[tesdcosticien 12 pre-defined Lanczos functions : - 128 8 2
~Vertical Coefficienttemrs 3 10 119 20 -1
4 -11 111 30 2
3 -11 103 40 a
Filter function : Lanczos 2 M £ -1 a3 50 5
r 1 = 7 -Q 22 &1 -6
e 8 8 72 72 8
[ Preview coefficients ] & . 2 i .
| 10 -3 a0 93 -10
~Horizortal Coefficient Data 11 -4 Ll i il
12 -Z| 30 111 -11
13 -1 20 119 -10
, 14 -1 13 124 -3
Filter function : |L31c22 |?| ic o g 176 ”
OR choose to import custom coefficients
[ Preview coefficients J

© 2008 Altera Corporation—Public Alm
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Polyphase Scaling Algorithm

m Data from multiple lines of the
Input image are assembled into
line buffers — one for each
vertical tap

m These data are then fed into
parallel multipliers, before
summation and possible loss of
precision

m The results are gathered into
registers — one for each
horizontal tap

m These are again multiplied
and summed before precision
loss down to the output data
bit width

© 2008 Altera Corporation—Public
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_|Line Buffer
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Delay
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Line Buffer
Delay
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Bit Narrowing

I » Register Delay Register Delay
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Polyphase Scaling Algorithm

m In polyphase mode, the parameters for the scaler function must be chosen
carefully to get the best image quality

m Incorrect parameters can cause a decrease in image quality even as the
resource usage increases

m The parameters which have the largest effect are the number of taps and the
filter function chosen to provide the coefficients

m The number of phases and number of bits of precision used are less important
to the image quality

Recommended parameters for the scaler function

Scaling up with any Signed, 1 integer bit, 7 Lanczos-2, or
input/output resolution fraction bits Bicubic
Scaling down from M pixels M x4 Signed, 1 integer bit, 7 ]

to N pixels N 16 fraction bits Lanczos-2
Scaling down from M pixels M x 2 Signed, 1 integer bit, 7 ]

to N pixels (lower quality) N 16 fraction bits Lanczos-1

© 2008 Altera Corporation—Public Alm
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Downscaling Using Nearest Neighbor
Interpolation
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Nearest neighbor algorithm uses one neighboring pixel to interpolate.
This results in severe scaling artefacts.
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Downscaling Using Bilinear Interpolation
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Bilinear algorithm uses a 2x2 matrix of pixels to interpolate.
This results in fewer (though significant) scaling artefacts.
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Downscaling Using 5-Tap Lanczos-1
Interpolation

A 5-tap Lanczos-1 algorithm uses a 5x5 matrix of pixels to interpolate.
This results in significantly reduced amount of scaling artefacts.

© 2008 Altera Corporation—Public Alm
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation @

31



Downscaling Using 9-Tap Lanczos-2
Interpolation

A 9-tap Lanczos-2 algorithm uses a 9x9 matrix of pixels to interpolate.
This results in very high-quality scaling — at the expense of resources.

© 2008 Altera Corporation—Public Alm
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VIP Suite: Deinterlacer With Motion Adaptive
Algorithm

b o e X

n Deinterlacer

Magotarn’

Parameter

Setkings

Choose the deinterlacing algorithm —
I bob, weave, motion adaptive

Select the input image height and width

Maxirmam image width - | 72013 Fixels Deinterlacing method : \Weave ]

Mazximum image height . 186 _3 Pixels Output frame rate - |As input frame rate (F1 synchronized) M

Bits per pixel per color plane : s/%] Bits Frame buffering mode : |Dnuble buffering [1]

Number of color planes in ssquence : Flanes Avalon-MM master ports width - 18 2|

RCHRACS 03 CAMN Ploties: ) ek e - Planes | | Base address of frame buffers : 0%00001000 |

Defaut intial field ®Ff OH Read-only master(s) interface FIFO depth: | 54 2]

Read-only master(s) interface burst target : | iz

—Non-image data handing 3

i Write-oriy master(s) interface FIFO depth: 54 (3

Number of packets buffered per field | 1B S e i e e | 24
Maximum packet length : | 10 E‘H The amourt of memary which must be free at this address is 1367 kilobytes

The weave and motion adaptive algorithms
require external frame buffering

© 2008 Altera Corporation—Public Alm
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Motion Adaptive Deinterlacing

m Simple motion adaptive algorithm
m Pixels are collected from the current field and the three

preceding it c-3 C-2 C-1  CurmentField (C)
[T LIl

[T 2 0 o
L1l LI1]

m These pixels are assembled into two 3x3 groups of pixels
and the minimum absolute difference (MAD) of the two
groups is calculated

Motion = MAD

Previous Frame Current Frame]

H .

m Compare the MAD value with the previous MAD

— Either the new value is kept or a mean of the new and old value is used

© 2008 Altera Corporation—Public Alm
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Chroma Downsampling Reduces the
Bits/Frame

Frame Size: Frame Size: Frame Size:
Frame Size: (Assume 10 bits (Assume 10 bits (Assume 10 bits

Image Size (Total # of Pixels) per pixel and per pixel and per pixel and

4:4:4) 4:2:2) 4:2:0)

1920X1080p 1920 ’; ii%?g =2M 60 Mbits 40 Mbits 30 Mbits

1920 x 1080 x 0.5

1920X1080i _ . 30 Mbits 20 Mbits 15Mbits

= 1M pixels

1280 x 720 = , : .
1280X720p 900K pixels 27 Mbits 18 Mbits 13.5 Mbits
SD 720 x 480 x 0.5 = : : :
- 173K pixels 5.19 Mbits 3.46 Mbits 2.595 Mblt}

The numbers are not strictly accurate since HSYNC and VSYNC are not taken into account, but
are meant to show the difference between a 4:4:4 and a 4:2:0 representation

© 2008 Altera Corporation—Public Alm
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VIP Suite: Multi-tap Filtered Chroma

Resampler

oo g m The Chroma Resampler core
@ Chromsa Resampill allows you to change between
oges i 4:4:4, 4:2:2 and 4:2:0 sampling

Faramater

Settings rateS
Image Data Format [ 4.4:4 9 4.2.2
Meximm wicth 1,90 /%] Pivels — The filtered algorithm for down-
Meximum height: 1,080 (] Pixels sampling uses a 9-tap filter with a
Bits per pixel per Goler planc : 8($! Bits fixed set of Lanczos-2 coefficients
Calor pane configuration : [¥) Seguence . . . .
- m 4:2:2 > 4:4:4
— The filtered algorithm for up-
Resampling . _ . .
nput Format @ | 4:4:4 v Output Format © | #:232 v Sam Iln uses a 4 tap fllter Wlth a

fixed set of Lanczos-2 coefficients

Haorlizontal Filkering

Algorithm . |Filtered 'V'

m For both up-sampling and
down-sampling, the vertical
resampling (4:2:0) algorithm is
fixed at nearest neighbor

J
© 2008 Altera Corporation—Public [
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VIP Suite: Alpha Blending Mixer

"W Ripha Blending Mixer - my_alt_vip. mix

X]

“ Alpha Blending Mixer
Megatore’

Parameter
Settings

Select the size of
image

the background
layer

© 2008 Altera Corporation—Public
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Image Data Format -
Meximum layer width: 720/%] Pixels
Maximum layer height : 576/%] Pixels
Bits per pixel per color plane - _ Bjs-i Bits
Mumber of color planes in sequence : |3 [ﬂ Planes
Nurmber of color planes in parsliel E \v| Planes
~Mixing Options Select the number of
Mumber of layers being mixed : |_2 Iayers to be mixed
Alpha blending Alpha hits per pixel ‘4 El Bits
The level of blending is controlled by
the number of alpha bits (up to 8)



http://upload.wikimedia.org/wikipedia/commons/6/62/Picture_in_Picture_%28Photomontage%29.jpg

VIP Suite: Color Space Conversion

[ese - my_alt_vip_csc

»  Operands

—Irmage Format-
Image width

Itnage height

“Zolor Plane Configurstion -

(&) Three calor planes in sequence

“lnput Data Type

Datatype

Guard bancds
routput Data Type

Datatype

T20/% | Pixels

576

Pixels

() Three calor planes in parallel

Bits per pixel per color plane

Bit=

Result io Outpt Data Type Corsersion Procedure -
13 The resultz are in the rangs15.00 to 232.00 (to 2 decimal place:s)

The results have 5 fraction bits

Specify the input image sizes in terms of pixels
as well as the number of bits/plane/pixel

Truncaie values to integer

FEemove fraction bits by ;

Input guard bands ensure that the core will
never receive data in the guard bands

Bits per pixel per color plane :
iUnsigned

[ muard bands

4 The scaled, integer, sign handled results are in the range 160 233

The =selected output data type has a range of Oto 255

The rezults are within the range of the output data type

255 is required

In the output data, the guard bands option is
turned off because the full output range of 0 to

/AVO[S RYAN,

© 2008 Altera Corporation—Public
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VIP Suite: Color Space Conversion

- MegaWizard Plug-In Manager - CS5C

“ CsC

Megators” Version 7.1

—Caompile Time Cperands

Color model conversion I‘."'CbCr: HDTY to Computer RSB

Din and dout refer ko the input and output channels respectively.
dout_0 = (A0 * din_0) + (B0 * din_1) + {C0 * din_2) + 50
dout_1 = (A1 * din_0) + (B1 * din_11 + (=1 * din_2) + 51
dout_2 = (42 * din_0) + (B2 * din_11 + {2 * din_2) + 52

=l

—Coefficients

A E
i 1.164 0.0 1.793
1.1640625 0.0 1,79295575
1 1.164 -0,213 -0.5354
1.1640625 0.0 0.0
= 1.164 2,115 0.0
1.1640625 1.995093575 0.0
[~ Signed Integer bits : | 1 3: Bits
The total coefficient length is 9 bits

Keny

Desired Yalue
Ackual Value

~Summands

[~ Signed

-992,512

0.0

207,963

255, 99609375

-1157. 3760000000002

0.0

Integer bits I EE Bits

The total summand length is 16 bits

Coefficient and summand Fraction bits :

I 83: Bits

Specify the integer bits and signed option to
get higher co-efficient precision

Cancel | <ﬁack| Mext = | Einishl

© 2008 Altera Corporation—Public
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VIP Suite: 2D-FIR

Various video/image processing signal chains have to
filter the input signals to

— Remove noise

— Smoothen the image

— Sharpen the image

— Implement custom filtering

The 2D-FIR filter function implements various custom
filtering efficiently and quickly

This core performs 2D convolution, using matrices of 3x3,
5x5, and 7x7 constant coefficients

With suitable coefficients, the core can perform several
operations including, but not limited to: sharpening,
smoothing, and edge detection

© 2008 Altera Corporation—Public Nm
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation 1

40



VIP Suite: 2D-FIR

m An output pixel is calculated

by FIR Filter 2D
— Multiplying input pixels in anes
the kernel by the corresponding [ErPAEES: S —

1) The resuts are inthe range -510.00 to 510.00 (to 2 decimal places)

P I icith 7208 Pixel
CO effl C I e nt - =5 The rezults have 10 fraction bits

Image height 5T6| & Pixels

— Summing the values i b o]l

Murmber of color planss in Sequence

4 FIR Filter 2D - my_alt_vip_fir &

t

Move binary point right : 1% Places

o Dot Tyne 2 The scaled resuts are inthe range -51000 to 510.00 (o 2 decirral places)
The scaled results have 10 fraction bts

. T h e O u t p u t p i Xe I Val u e :i::j';:if(e' erERRr s p— Bi e Remove frection bits by : | Truncate values to nteger v
— Has its fractional bits removed e
_ I S CO n Strai n e d to th e O utp ut Ctput Data Type ool e Convert from signed to unsgned by f.ﬁep.lac:‘ing r'ega.ﬁve Wrth at.aso.luie val.ue v

Bitz per pixelper color plane :

bit range
e 41 The =caled, integer, signhandled results are inthe range 0 to 510

[ Guard bands M

[ Guard bands Maix
31 The scaled, Integer resuts of the are In the range -510 ta 510

The selected outpud data type hasz o range of O to 255

hdir: The results will be satursted to the minitnum and maximum values of the output datatype

m The position of the output
pixel corresponds to the mid |
point of the kernel :

© 2008 Altera Corporation—Public Alm
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VIP Suite: 2D Median Filter

m Noise gets introduced into video data set via any electrical
system used for storage, transmission, and/or processing

Median Filtering Is a Simple and Very Effective
Norse Removal Filtering Process

= Median filtering:

— Each pixel is determined by the median value of all pixels in a
selected neighborhood (mask, template, window)

— The median value m of a population (set of pixels in a
neighborhood) is that value in which half of the population has
smaller values than m, and the other half has larger values than m

© 2008 Altera Corporation—Public Alm
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VIP Suite: 2D Median Filter

m The 2D median filter function provides a T ——
means to perform 2D median filtering “ Median Filter 2D
operations using matrices of 3x3, 5x5,

or 7x7 kernels

m Each output pixel is the median of the

input pixels found in a 3x3, 5x5, or 7x7 O —

kernel centered on the corresponding rage height '?58;3; -

inpUt pixel Bi= per pixel per color plane : 12/ Bits
m Larger kernel sizes require many more rumbsr slesiorpRnes nseauEnes |- 2] Penee

comparisons to perform the median ehaior

filtering function; they also require Fiter size: |55 o] Pixels

correspondingly large increases in the
number of logic elements used

m Larger sizes have a stronger effect,
removing more noise but also potentially
removing more detail

© 2008 Altera Corporation—Public Alm
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VIP Suite: Gamma Correction

NO Gamma Correction

SJample Input to Monitor Graph of Input
RAMP

Jutput from Monitor j Graph of Output L =W * 2.5

Jample Input Graph of Input
RAMP

Gamma Corrected Input Graph of Correction L' =L * {(1f2.5)
MHonitor Output Graph of Output Gamma Correction 2 5
RAMP
© 2008 Altera Corporation—Public m-;m
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VIP Suite: Gamma Correction

m The gamma corrector function
prOVIdeS a. |OOk-Up table (LUT) 4 Gamma Corrector - my_alt_vip_zam

accessed through an Avalon-MM T& Gamma Corrector — !
slave port e

Parameker
Image Data Formst
m The gamma values can be entered ctsper el percobr e | JEIES
IntO the LUT by eXternal hardware Mmber of color planes in zeguence !1_ I\j Planes
using this interface ‘
© 2008 Altera Corporation—Public —
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VIP Suite: Line Buffer Compiler

m FPGA memory is a valuable resource for many
video and imaging applications

— Particularly when developing HD systems and implementing high
order accuracy algorithm

m The Line Buffer Compiler provides an efficient
means to map line buffers on to Altera on-chip
memories

clock =—jpi>
din 7.0 —— Line Buffer 0 | | » dout 7:0
enable ——ps :
reset =i |—D| Line Buffer 1 T P dout 15:8
|—>| Line Buffer 2 | » dout 23:16

© 2008 Altera Corporation—Public Nm
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VIP Suite: Line Buffer Compiller

m [0 parameterize your Line Buffer Compliler

function for a set of four line buffers each capable

of holding 320 24-bit words...

© 2008 Altera Corporation—Public

Line length :
Lire width :

Mumber of lines ;

320{%] Words
24% Bits
4[4 Lines

Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation
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Video Image Processing (VIP)

Line Buffer Compiler
2D Median Filter
Video Image
Processing (VIP) Suite Color Space Converter
JALTEERAY
Chroma Resampler

_ Alpha Blending Mixer

Suite of building block IP for video processing

© 2008 Altera Corporation—Public Alm
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VIP Resources Availal
Altera _
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Altera Video Reference Design

i =
| illally |
@ N\TSCVideo [ 1 HD Video [l
[l Input-Composite I Video Up Qg Triple Output- I
[l Inputon Video g Conversion ryg Buffer m VGA |
| Daughtercard [ | Controller I
1 I I I
: |
|
I |
. |
: DSP Builder I
I _ : - Video/Image Processing (VIP)
| sopCBuilder 4 | Intellectual Property Cores
—_— _— — —_— —_— — z ______________________
r 1
|
I 640 x 480 640 x 480 640 x 480 640 x 480 1024 x 768 I
linterlaced 60Hz Progressive 30Hz Progressive 30Hz Progressive 30Hz Progressive 30Hz
I YCbCr4:2:2 YCbCr 4:2:2 YCDbCr 4:4:4 RGB RGB I
I

‘ ‘ Color ‘

f— Ready

Deinterlancer. chroma . Space . Scaler L :

) N Resampler
function

MegaCore IN Converter [ MegaCore | > Data

MegaCore

Two Avalon-MM Master Interfaces

http://www.altera.com/end-markets/refdesigns/sys-sol/broadcast/ref-post-processing.html
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Video Design Examples

DSP Design Examples

Table 1 containg digital signal processing (DSP) design examples for use in designs for Altera® devices. To
see the design example, choose the corresponding icon in the Design Entry Method column.

Table 1. DSP Design Examples—Functions and Design Entry Methods

Design Entry
Method

Deinterlacer Using Weave Mode Hp-dated

(5]

Updated

Deinterlacer Using Bobh Mode

Gamma Correction = Fia=d

¥ChCr to RGB Color Space Cormversion Hp-dated

Image Frame Resizing Using Scaler -"F92d

Updated

Salt and Pepper Hoise Removal Using 2D Median Filter

Video Picture in Picture (PIP) Mizing Using Alpha Blending Mixer

Updatzd

Chroma Resampling Upconversion

@9 0| @ | 0| 0|

Updated

2D Sharpening Finite Impulse Response (FIR) Filter

@

http.//www.altera.com/support/examples/dsp/exm-dsp.htm/
/[ANO[S RYA\,
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Cyclone Ill Video Kit

m Altera EP3C120F780
development board

m Bitec HSMC Quad Video

Available Now daughter card
$1 ,345_00t 2 — 8 composite or 4 s-video inputs
- — 1 HD (1080p) DVI Output port or
R } ~ 1TV (PAL/NTSC) output with
b, - resolutions to 1024x768 and

support for composite, s-video or
SCART (RGB) outputs

> m Bitec HSMC DVI daughter card

— 1 HD (1080p) DVI Output port
(HDMI with external adaptor)

— 1 HD (1080p) DVI Input port
(HDMI with external adaptor)

http://www.bitec.ltd.uk/ciii video dev Kkit.html

m Interfaces directly to the Altera
Video and Image Processing
(VIP) Suite

© 2008 Altera Corporation—Public Alm
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Stratix Il GX Video Kit

Stratix Il GX video development
board with a 25GX90

Video interfaces

— Digital Video Interface (DVI)
inputs/outputs

— Four (4) standard definition (SD)/high
definition (HD) SDI inputs/outputs,
including Dual-Link SDI support

— Asynchronous Serial Interface (ASI)
inputs/outputs

Audio interfaces
- AES3
— Sony/Phillips digital interface (S/PDIF)

External memory
http://www.altera.com/products/devkits/altera/kit-dsp-professional.html — DDR2 DIMM (72 bit at 266 MHz)

— 2-Mbyte SRAM
— 16-Mbyte flash (configuration)

© 2008 Altera Corporation—Public Alm
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Summary

m Altera’s video and image processing solution
— Allows you to focus on your core competency
— Eliminates the need to design, test, and debug standard video IP
— Speeds up your development cycle

m Altera offers a complete programmable solution for your
video application
— IP (VIP Suite)
— Development kits
— Reference designs
— Training

© 2008 Altera Corporation—Public Nm
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