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= Step-By-Step Creation of a Streaming Video Application:

— You will learn how to:
« Use Xilinx reference hardware and software for fast development
« Combine multiple streaming video filters in a single application
¢ Use Xilinx Platform Studio (XPS) for system integration
« Use an embedded MicroBlaze processor for video control
« Combine multiple methods of design into a single project

— Steps:
« Start with a ready-to-use video reference design
« Add a custom object detection and highlighting filter to the video stream
« Control and configure the filter using an embedded MicroBlaze processor
« Rebuild the project and test the enhanced video processing design

P
impulse
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Video Design Overview

The MicroBlaze processor

Microslaze Xilinx will be used to dynamically
hggg:sl’;\é? configure filters
Filter P>
((38:;:_?' Processor Local Bus (PLB)

1 |
Fish Finder
& mpulse

HSiem
GENERATOR"
LY SELLL i

Platform Studio”

Custom C-language filter
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Video Starter Kit Hardware
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Test the Pass-through Example Using Flash

= Setup the Video Components
— 720p resolution video source
* TViX player, laptop computer or other DVI/HDMI source
— Xilinx Video Starter Kit
« Spartan 3 Edition used for this workshop
— Video monitor
« Supporting 1280 x 720 resolution
= Power Up and test the Video
— Start video source (“play”)
— Xilinx reference designs will boot from Flash card
— Press center push-button to load the DVI pass-through example
— Verify video is displayed on monitor

Page 5 www.ImpulseAccelerated.com
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Load Project_2 Passthrough Completed

Xilinx Platform Studio™

Broject Hardware o
AL B madnaBo
T E DO

5 |Bshicfeces |Pors | Addesses |

(B BiF Fitens |

Project | Applications | IP Catalog |
Software Projects

- {Z]Add Software Appiication Project

+ - Defauit: microblaze_0_bootioop.

Hame Bus Conmection

1P Type IP Ve ~

9 Defautt: microblaze_0_mdstub
- [¥) Project: SW
o ssor: microl blaze_0 ]
Project Information Area L] 5mﬁ;b‘;mi:‘m“ﬂ”““ﬁs“ﬁ““\ o b
3 soues ° =
% b | o
L4
¢
¢
System Assembly View : il
{ o
L 2 Ut et
P clock. verator clock_generator 201a ™
P ] SIER ]
R P— ¥ || System Assembly View | Block Diagram
Console Window il e ;
| Output i |Ermr
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Test the Pass-Through Example

e Dewce Configuration ISR e

- m? Update Bitstream
] Esl Download Bitstream
Ed Program Flash Memory

» ] Simulation Window Help |
B  Debug Configuration... »
=% XMD Debug Options...
Launch XI
Launch Softwal
I N 1

D% dow Sw/executable.e
[System Reset .... DONE
[Pownloading Program — Sh/executable, elf

section, .vectors. r‘EsEt + 0x00000000-0x00000007
section, .vectors _exception: 0x00000005- HXDDDUDHD’F
section, .vectors.interrupt: 0x00000010-0x0000¢ Bl gk wew Cal Trasfer bep
section, .vectors.hw_exception: UxUOOODUZU—UxDOOUDUZT D& 3 0B =F
section, .text: Ox10000000-0x1000bal3 A
section, .init: Ox1000bald4-0x1000ba3b

section, .fini: Ox1000ba3c-0x1000bash
section, .ctors: 0x1000basc-0x1000ba63 -- Kilinx Video Starter Kit DVI Pass-Through Demo --
section, .dtors: 0x1000ba64-0x1000bash
section, .rodata: 0x1000baéc-0x1000f893

2 ¥SK - HyperTerminal

: Video Type and Resolution
section, .data: 0x10007898-0x10007b&3 d

section, .eh_frame: 0x1000Fb64-0x1000Fb67 4 oatal Mideo Reselution enu
section, .jcr: 0x1000fb63-0x1000fbeh

section, .bss: 0x1000Fb70-0x1000Fbaf
section, heap: Ox10007ba0-0x10013bo¢ g = Ganma Henu
ecti .stack: 0x10013ba0-0x10017b3f = 2D FIR Menu

Isetting PC with” Program Start Address 0x00000000 xp= D Genarator: Honu,

ba1% con
[Info:Processor started. Type "stop” to stop processor

o
e

RUNNING> XMD5 E
E 2

orcoozsoes  mwadser  oso0si
—
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Examining the Impulse C Code

C language .
software The Impulse C-to-FPGA compiler generates
parallel FPGA hardware from sequential

software... C-language in, HDL out!
Compile

and
optimize

Generate [l Generate The compiler also generates hardware interfaces

FPGA EWCIEN " such as DVI for video and PLB for processor 1/0
hardware interfaces

DVI DVI

$7 XILINX'

ISE™ Design Suite
] ~— Compiler “export” scripts are used to generate

FPGA auxiliary files as needed by Xilinx ISE Design Suite
bitmap
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Open the Fish Finder Impulse C Project

EET- 4 B swatle g aEe BT 8 SO
File Edt View Project Took Window Help
|Project Explorer

=)
=18 Application Fish_Finder
145 Source Files
by [€] fish_finder_hwi.c
»[8] fish finder test.c
ow[0] fish_finder_mb.c

553 Header Fles 52 void filter (co_stream DVI_input, co_stream DVI_output, co_
Sw) fh_findech 93 et .
VI bk 54 co_uint32 config, config_in;
o 8] fsh,fidsrmbh 55 co_uint27 data_in, data_out; // 27-bit DVI data v
(C) Project Fies 56 co_uint27 pD.pl.pz.p3.p4,p5,pe.g7.ps.p9.pm.pn.p12.p13
23 Document Fles 57 co_uint27 r_in, g_in, b_in; // Color values (27-bit
[E] Readmehim 58 co_uint27 r_out, g_out, b_outs
() Other Fles 59 co_uint27 vsync_in, hsync_in, de_in;
60 co_uint27 vsync_out, hsync_ out, de_out;
61 co. ulntl found nemo_1;
62 co_uintl found nemo_2;
63 co_uintl found clown 1;
64 co_uintl found clown 2;
65 co_uintl found_yellow_1;
66 co_uintl found_yellow_2:
67 co_uintl found fish;

Find in Fles | ] System

= i1
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Fish Finder C-Code Design Review

The Fish Finder algorithm is described using a C-language
subroutine with streaming 1/O interfaces...

@SmrtFage @Readme.htm Dﬂshfﬁnderﬁh\.’u.c F X
47 // Stream -~
48 /7 - Color
49 /1 _output - Color
50 1/ config_input - Input interface
51 £
52 void filter {co_stream DVI input, co stream DVI_output, co_stream config input)

IS =

54 co_uint32 config, config_in;

55 co_uint27 data_in, data_out; // 27-bit DVI data values

56 co_uint27 p0,pl,p2,p3,p4,p5,p6,p7,p8,p%,p10,pll,pl2,pl3,pl4,p15;

57 co_uint27 r_in, g in, b_ins // Color wvalues (27-bit to allow shifting)
58 co_uint27 r out, g_out, b_out;

59 co_uint27 wvsync_in, hsync_in, de in;

60 co_uint27 vsync_out, hsyne_out, de_out;

impulse
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Fish Finder C-Code Desigh Review

Video I/O is described using Fish Finder
Impulse C types and functions: S
130 // Read a pixel from the input ~
izl err = co stream read(DVI input, &data in, sizeof (co_uintaT7});
izz2 if (err != co err nonc) bhrenk:
133
134 // These parameters are set from the host processor
135 //spotlight max_size = ((config & MASKSPOTMAX) >> 12) == SPOIMAX L ? 80000 : 500
136 spotlight_config =(config & MASKSPOTMAX) >> 12;
137 if (spotlight_config == SPOTMAX 35)
138 spotlight max size = 30000:
139 else if (spotlight config == SPOTMAX M)
140 spotlight max size = 50000: =
141 else if (spotlight config == SPOTMAX L) |E|
142 spotlight max size = 70000;
143 else
144 spotlight max size = 90000;
145 spotlight min size = ((config & MASKSPOTMIN) >> &) == SPOTMIN L ? 20000 : 100007
146 gelect_fish = (config & MASKFISH) >»> 4:
147 gelect_filter = (config & MASKFILTER):
148 // Delay and store 16 pixels
149 pls = pl4; pl4 = pl3; pl3 = pl2; pl2 = pll;
150 pll = pl0; pl0 = p9; p9 = p8;
151 p8 = p7: p7 = pé; pé = p3:
152 p5 = p4; pé4 = p3; p3 = p2
153 p2 = pl; pl = p0; p0 = data in il
Page 11 www.ImpulseAccelerated.com ’mBH_.s_g

Fish Finder C-Code Design Review

DVI streaming video is represented
as 27-bit integer data (24-bits of color, Fish Einder
vsync, hsync and de): Filter

Unpacking a 27-bit video pixel and looking for start-of-frame...

a9z

155 /f Parse a DVI input value
156 veync_in = (pl5 >> 26) & 1:
157 hsync_in = (pl5 >> 25) & 1:
158 de_in = (pl5 >> 24) & 1:
159 r_in = (pl5 >> 16) & Oxff:
160 i (pl5 >> 8) & OxEf:

16l b_in pls & Oxff:
182
183 // Detect start of frame as a 0 to 1 transition on the vsync.
164 start_of_frame = (vsync_in == 1 && vsync_out == 0}
260 data_out = (¥sync_out << 26) |
261 (hsync_out << 23) |
. . 262 (d=_out << 24) |
Packing and writing ~ 2ss (z_out << 16) |
. . 264 (g_out << 8) |
a filtered pixel... 265 ©_zuc
266 co_stream write (DVI_output, &data_out, sizeof(co_uint2T7)}):
impulse
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Fish Finder C-Code Design Review

Loop pipelining and pipeline stage depth are easily
specified using two pragmas in the C code...

123 do { // For every pixel, at a pipeline rate of one pixel per cvcle -
124 #pragma CO PIPELINE

125 #pragma CO ser stageDelay 32

128 // Check for configuraticn setting from the user via MicroBlaze

127 if (co_stream read nb(config input, &config in, sizeof(co uint32)) != 0) {

128 config = config in:

129 H

130 // Read a pixel from the input

131 err = co_stream read(DVI_input, &data in, sizeof(co_uintl7)):

132 if (err != co_err none) break: | |
133 |;|
134 // These parameters are set from the host processor -
135 //spotlight max size = ((config & MASKSPOTMEX) >> 12) == SPOTMAX L ? 80000 : 50
136 spotlight_config =(config & MASKSPOTMEX) >> 12:

137 if (spotlight_ config == SPOTMAX S)

138 spotlight max size = 30000:

139 else if (spotlight config == SPOTMAX M)

140 spotlight max size = 50000:

141 else if (spotlight config == SPOTIMAX L)

142 spotlight max size = 70000:

143 else

Automatic parallelizing of C statements enables complex,
real-time processing of video signals.

e
impulse
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Fish Finder C-Code Design Review

These C statements create a
spotlight effect, using simple
geometry to calculate the radius:

233 // Create a circular spotlight by calculating a

234 // Determine if the current X/Y position is ins

235 // region psing simple geometry:

236 i

237

238

239

240 &

241 if (de_out) { // de out indicates visible pixels

242 if {spotlight on 1= . tion != 0

243 &6 diffsum < spotlight_size} { // Calculate if the current pixel is

244 // in the "spotlight"™ region.

245 r out = r_in & OXff;

246 g out = g_in & Oxff;

247 b_out = b_in & Oxff;

248 }

249 else {

250 r_out = (r_in >> 1) & Oxff; // Dim the areas outside the spotlight ml

251 g out = (g_in >> 1) & Oxff; ‘;‘

252 b _out = (b_in >> 1) & Oxff; =

253 }

254 }

255 else { // No target or outside of pixel data so just passthrough...

256 r out = r_in & Oxff; 8 e ] B

— o : : ; impulse
serat mamoige




Fish Finder Software Simulation

Ba 0 aBEG A Ra . AL BE 66 Software simulation of a single frame...

2% Dnern_wc Diernn T
T

ish Finder (15940)

7 consumer (17104

lock Diagram

Architecture: fish_finder

fite_output Gt producer  IEETREN]

—

Fish Finder

| et
filter consumer producer I

.
impulse

accsleated technologies
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Fish Finder Hardware Generation

1. Choose a Platform
Support Package
(Xilinx DVI Video with PLB)

Buld | Smuste Generste | System | Regstation |

o Suppor Package
[Xfiroe DVI Videro with MicroBlaze PLE (vHDL) K
P

e e ptens Specify an export directory
¥ Scalarize aay variables

v
IV Relocate loop invaniant expressions PRy

Additional optimizer options: Hardware build directory:
[rew
Software buld dreciory

2
3. Generate hardware
4

Export hardware and software

- CoBuilder Generation Options
[V Generste dual clocks

I~ Activedow reset

¥ Use std_logio types for VHDL interfaces ™™k =
ST aTE RpeT o

™ Do not include co_ports in bus interface
B3

Library options:

I™ Include floating point brary

I Allow double-precision types and operators

A

‘ Export generated software mterfaces‘

0K Cancel Apply Help

impulse
P
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Fish Finder Hardware Optimization

B

The dataflow graph shows B

Interactive pipeline optimization and analysis helps to quickly
converge on the right solution for high-throughput video:

how the C- language
statements were
automatically parallelized
by the compiler.

The pipelining rate is
critical for processing video
signals at pixel-rate. A rate
of 1 means a perfect video
pipeline.

Max Unit Delay helps you
to understand and control

Source Code  Datapath

Effecti

Delay:
live Rate: 31

6

&

timing and clock rates.
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Add Fish Finder Filter to the EDK Project

After generating and exporting the hardware from the Impulse
environment, we can important into Platform Studio as a pcore:

Ly g

él Project Local poores — CAWSK_W..
=- USER

rgb_2d_fir_plbw
plb_fish_finder

[=)- Project Local poores — C:hadlire_ds...
B USER
' rgb_2d_fir_plbw

W‘ Add IP _
- Project Peripheral F L3 .

USER
< |

View MPD

1.00c

www.ImpulseAccelerated.com

roed chciogis




Connect Fish Finder Filter to PLB and DVI

& | Bus itefoces | Ports | Addresses [Eye BIF Fiters
Mame Bus Connection IP Type IP Version -
T

mpmc
bram_block

dvi_in
dvi_out

m

(-
il | AP

System Assembly View Block Dizgram

Page 19 www.ImpulseAccelerated.com scersed wiwcoges

Connect Clocks and Reset

@ debug modile 00— — E
<2 pib_fish_finder 0
co_clk vid_in_clk0
DVI_Rst vid_in_unlocked El |
DVI_Clk vid_in_clk
-2 mb 2 fir
reset vid_in_unlocked
sysgen_clk vid_in_clk
> DIP_Switches 88¢
> [EDs 86%
<P Fush_Butfons_FPosiion

impulse
P
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Generate Addresses

Y

'.—‘_"-_’! Bus Intefaces IPoA‘ts |Addresses

Instance Name = Base Address High Address Bus Interfa
debug_module C_BASEADDR Ok S4400607 DxB440ffFF 64K |~|5PLE mb_plb
plb_fish_finder_0 C_BASEADDR xcHe00000 Dxc5a0ffF 52K [=sPLe mb_plb
mb_plb C_BASEADDR U || Mot Applicable
rab 2d fir C BASEADDR e 080000 Do DO L64K |=lsPLE mb_plb |
Note: addresses generated may be different than shown above
.__II"—
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Modify the Software Application

Fquc” Applications |_Im
Software Projects

Add Software Application Project ..
3 m Default: microblaze_0_bootloop

= m Default: microblaze _0_xmdstub

= [ Project: SW

| Processor: microblaze_[

Executable; C:wiline_design®534_VSK_LabsFishFinder\Project_1_Passthrough_Completed \SWhexecut,
Compiler Options

Whsrc'wsk_top.c
i Chudlire_design\S3A_VSK_Labs"\FishFinder'\Project_1_Passthrough_Comp!
: - Chodliroe_design®53A_VSK_Labs*FishFinder'\Project_1_Passthrough_Completed®.
= Headers
i EWhsrc'\gamma h
- SWharc'fir_2d h

We will modify the software application to add in the new Fish
Finder menu and add the related filter control code.

impulse
P
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Modify the Software Application

Remove the leading comment characters (//)

I FIULESSUL. IICIUIELE 0 i
Executable: C:adlire_design®53A_V5K_Labs\FishFinder\Project_1_Passthrough_Completed \SWexecutal 71
(4 Compiler Options 72
1= Sources 3
- Chadliree_design®53A_VSK_Labs'\FishFinder'\Project_1_Passthrough_Completed\SWherchwsk_top.c T4 f;ﬁdefine FISH FINDER
Chadlire_designS3A_VSK_Labs'FishFinder\Project_1_Passthrough_Completed\SW'srctgamma c 75
- Chdliree_design®53A_WSK_Labs'\FishFinder\Project_1_Passthrough_Completed'\ SWharc'fir_2d.c 76 #ifdef FISH FINDER
[=- Headers 77 #include "co.h"
SWhsrctgamma h 78 #include "fish finde
- SWharchfir_2d h 79 #endif

This change will enable the new menu feature:

387

388

388 $ifdef FISH_FINDER

390 // Impulse fish finder demo menu

391 case 'F'

3%2 i

383 fish finder memul{): I |
354 help top();

395 break;

396 3

397 #endif
ETY:)

impulse
e B
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Fish Finder C-Code Design Review

Communication between MicroBlaze and Fish Finder is
described using Impulse C co_stream API functions:

54 case 'Z2

56 fish finder config &= OXFFFFFFOF;

64 fish finder config &= OxFFFFFFOF;
&5 fish finder config |= (YELLOWFISH << 4);
56 print ("Setting to Yellow Fish\n\r"):

Polling to read the configuration word in the hardware process...

126 / Check for configuration setting from e user via MicroBlaze

127 if {eo stream read nb(confiy input, &config in, sizeof (oo uint32)) I= 0} {
128 config = config in;

129

130 / Read a pixel from the input

131 err = co_stream read (DVI_input, &data in, sizeof (co_uint27)):

132 if (err != co_err none) break;

impulse
P
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Add New Sources and Headers

=) [ Project: SW
Processor: microblaze_0
Executable: C:udlire_design®53A_VSK_Labs] =
Compiler Options Mame Date modified Type Size
PE | data 3/3/200912:42 AM  File Folder
5] coinit.c 3/9/200912:17 PM  CFile
= i 7| fish finder_mb.c 3/9/2008 12:18 PM C File
[ Sources
Codliroe_design™S3A_VSK_Labs\FishFinder\Project_2_Fil
Cudlire_design®53A_WSK_Labs'\FishFinder\Project_2_Fi
Cudliree_design®S53A_VSK_Labs\FishFinder\Project_2_Fif
Cudlirpe_design™S3A_VSK_Labs"\FishFinder\Project_2_Fi
Codliroe_design™S53A_VSK_Labs\FishFinder\Project_2_Fi
& | Add Existing Files..
SWhsrcy k
SWherc'f Add Mew File...
=
Mame Date modified Type Size
. data 3/3/200912:42 AM  File Folder
|1 fish_finder.h 3/9/2009 12:18 PM H File
i |71 fish_finder_mb.h 3/9/2008 12:18 PM H File
.__II"—
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Add New Sources and Headers

Prcuect -_l :N:;|.3Iication.s IF Catalog |

Software Projects

1 Add Software Application Praject...
gﬁ“ Default: microblaze_0_bootloop

; m Default: microblaze _0_xmdstub

= ¥ Project: SW

[#- Processar: microblaze_0

1- Compiler Options
Sources

Headers
- SWharcgamma h
Lo SWherehfir_2d h
- codefish_finderh
. code'fish_finder_mb b

- Executable: C:dlire_desion’534_VSK_Labs\FishFinder'\Project_2_Fish_Finder_Completed\5Wexecutable

o Coodliroe_designS3A_WSK_Labs\FishFinderProject_2_Fish_Finder Completed®.SWsrcwsk_top.c
o Civadlire_design’S3A_VSK_Labs'FishFinder'\Project_2_Fish_Finder_Completed'.SWhsrc'gamma.c
o Coudliroe_design®S3A_WSK_Labs'\FishFinderProject_2_Fish_Finder Completed*SWhsrc™fir_ 2d.c

- Chodliree_ design’S34_VWSK_Labs'\FishFinder'\Project_2_Fish_Finder_Completed‘codeco_int .c

- Chodliroe_design’\534_WSK_Labs'FishFinder'\Project_2_Fish_Finder_Completed‘codefish_finder_mb
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Build the Software Application

File Edit View Project Hardware [0 5  Device Configuration Debug

DA HL BinEt ®| § LaunchPlatform Studio SDK

= ZZ2 S| A4A7 Software Platform Settings...
g
Assign Default Drivers

Project | Applications | IP Catalog ubc Generate Libraries and BSPs

Software Projects £ Add Software Application Project...
[e1Add Software Application Project...
m Default: microblaze_{0_bootloop
m Default: microblaze_{_xmdstub
¥ Project: SW
[#- Processor: microblaze_{ ﬁ Clean Libraries
&e@able:;:ﬁlim_deﬂgnﬂi&_v @ Clean Programs
: g:::l:sr Optiors é Clean Software

- Crvdliree_desian'534_VSK_Labs'\FishFinder'\Project_2_Fish_Finde 142
Madliree_design™S3A_VSK_Labs"FishFinder'Project_2_Fish_Findel 143
Chudliree_design®\S34_VSK_Labs\FishFinder\Praject_2_Fish_Findet 144
Madliree_design®S3A_VSK_Labs"FishFinderProject_2_Fish_Findel 145
C:udlirpe_design®.53A_VSK_Labs“FishFinderProject_2_Fish_Findel 146
= Headers 147
148
149
150
*. codefish_finder_mb h 151

52 P
impulse
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Build All User Applications *
Get Program Size
Tl Generate Linker Script...

Test the Fish Finder

il Device Configuration S S— T
ER AN - ! Simulation Window Hel, )
- tiar Update Bitstream E e
] Esl Download Bitstream g.k XMD Debug Options..
Ed Program Flash Memory

73| Launch )(MDk
I % Launch Softwark Debugger...

! I P25

-- Impulse Fish Finder Configuration Menu —-

Current configuration: 2020

Hodify the type of fish to search for

1 = Famous orange/black/gray clown fish
2 = Generic orange/black/gray clown fish
3= xel]oulblatk fish
b=

Increase the spotlicht maximum size
"= Increase the spotlicht maximm size
; = Decrease the spotlicht maximm size

esc = exit
7 = help

>3
Setting to Vellow Fish
>

comecas 1653 Asoceten soosii

ulse
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For Additional Information

www.xilinx.com/vsk_s3

www.IlmpulseC.com/Tutorials/Xilinx/VSK_S3
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