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EXECUTIVE SUMMARY

The Xilinx Spartan 3A-3400 Xtreme DSP Video Starter Kit (VSK) provides
users the ability to develop a variety of video and image processing
applications on a field programmable gate array (FPGA). The VSK includes
demos that display the capabilities of the FPGA and give the user a
reference point for developing custom applications using Xilinx’s Embedded
Development Kit (EDK) and System Generator. This application note will
focus on implementing custom logic in the Camera Frame Buffer Demo.
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Introduction

FPGAs are used in a variety of applications that include digital signal processing,
computer vision, speech recognition, medical imaging and many other areas. They are
comprised of an array of configurable logic blocks and reconfigurable interconnects that
allow the blocks to be connected to each other. FPGAs are programmed using a
hardware description language (HDL). Xilinx has its own set of software tools that assist
the user in the development process of their FPGA application without having to learn a
new language.

Objective

The objective of this application note is to demonstrate how to implement custom logic
into the Camera Frame Buffer Demo reference design included with the Xilinx Spartan
3A-3400 Xtreme DSP Video Starter Kit. It will emphasize the process of using System
Generator and the Xilinx EDK to implement custom logic rather than focus on the logic
that will be implemented. The concepts demonstrated in this application note can then
used to implement custom logic specific to the users requirements.

Resources
This application note uses the following resources:

Xilinx Spartan 3A-3400 Xtreme DSP Video Starter Kit
Xilinx ISE Design Suite 11.4 software

System Generator 11.4

MATLAB 2008a with Simulink

VSK Reference Designs v3.0

Note: This application note assumes that the reader understands how to correctly set
up the development board and run the preloaded demos. It is recommended that the
reader review Spartan-3A DSP FPGA Video Starter Kit Assembly by Pascha Grant if
unfamiliar with this process.
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Background

System Generator

System Generator is a software tool developed by Xilinx that provides model based
FPGA design in the Simulink environment. The models are built with the Xilinx provided
blockset. With the click of a button, System Generator will automatically generate the
files necessary to program the FPGA.

Xilinx Platform Studio

Xilinx Platform Studio (XPS) is a software tool used for the creation of a complete
embedded processor system for a Xilinx FPGA. Through the graphical user interface the
user connects the processor to the Xilinx provided peripherals or custom peripherals
created by the user. XPS also provides a simulation environment to test the embedded
processor design.

Directory Structure

The EDK_Demonstrations directory is the main directory for all reference designs. It is
important to be familiar with these directories and files before implementing custom
logic in any of the reference designs. The following directories and files will be
referenced throughout this application note:

\Camera_Frame_Buffer Demo Main folder for demo

\pcores Location of pcores generated in
system generator

system.xmp XPS project design file
download.bit Hardware configuration bit file
executable.elf Software that runs on MicroBlaze

Note: The reference designs can be downloaded on Xilinx’s website at
http://www.xilinx.com/support/documentation/do-s3adsp-video-sk-uni-g.htm
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Implementation

Modifying Camera Frame Buffer Demo

1. Open the following system generator model located in the pcore directory
\vsk_camera_vop_plbw_v3_00_b\sysgen\vsk_camera_vop.mdl

53 vsk_camera_vop/vsk_camera_vop.
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2. Custom logic will be placed after the Color Correction block in the highlighted
area shown in the diagram below.
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The Camera Frame Buffer Demo divides the camera signal into a Red, Green, and Blue
(RGB) component respectively. Adding custom logic to the RGB signals will modify the
camera stream according. It is also important to be sure to synchronize the vsync and
hsync with the proper amount of delay that the custom logic inserts into the system.

For an example of custom logic that can be implemented into the camera stream
reference “Grayscale Conversion of a Colored Image Using Simulink and Xilinx Blocks” by
Emmett Kuhn.

Generating Pcore

Once the custom logic has been inserted into the demo, the next step is generating the
PCORE that will be integrated in the embedded system design in XPS. System Generator
will take care of creating all the necessary files in a few simple steps.

1. Double-click the System Generator token in the model to bring up the following
menu:

) System Generator: vsk_camera_vop/vsk_camera_vop g |§| g|

— Compilation Options

Compilation :

Export as a poore to EDK
Part :

Spartan-34 DEP xc3=sd3400a-41967E

Target directory :
ek

%

Syrthesis tool : Hardwware description language :
wET w wWHOL -

— Clocking Options

FPGA clock period (ns) Clock pin locstion :

Multirate implementation : DCM input clock period (ns)

[ Pravide clock enable clear pin

Simulink system period (sec) : 1
Block icon display: Defautt e
’ Generate ] [ Ok l ’ Apply ] [ Cancel ] I Help l

2. Under compilation make sure the Export as a pcore to EDK option is selected.
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3. Atthe end of the line, click the icon with the finger pointing. This will bring up a
new menu to select the project where the Pcore will be exported.

) EDK export settings E“E|E|
— Poore options:
Major  Minor  HYWESW compatibility revision

3 o - bﬂ

[] Peore under developmenit

Enahle custom bus interfaces

— Export Poore to:

O System Generator target directary

() EDH, project:

oK ” Cancel H Help

4. If not already selected, select the EDK project radio button under Export Pcore
to. Click the folder to browse for the project. Select the system.xmp file
referenced in the Directory Structure of the Background section. When the file is
found select OK.

5. The next step is to specify the target directory for the Pcore. In this case we will
use the pcore directory referenced in the Directory Structure of the Background
section. Selecting the same directory as the original Pcore used in the demo will
save the need to connect the Pcore to the proper buses once the project is
opened in XPS, as it has already been done in the original version of the demo.

6. Once the above steps have been complete the Pcore can now be generated.
Clicking on the Generate button will start this process. A pop up window will
appear to let you know the Pcore generation is complete. The Pcore will not
generate if your custom logic produces any errors. If this happens, follow the
errors to the source and fix according.
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Opening the Project in XPS

Once the Pcore has been generated the project can now be opened in XPS to begin the
process of downloading the program onto the board.

1. Locate the XPS program and open it

2. The following prompt will appear once the program is open.

w Xilinx Platform Stud

Create new or open existing project
3 ' )
e\ (O Base System Builder wizard (recommended)

SB

@ () Blank %PS project
E @ Open a recent project

|Br0wse for More Projects. .. w

Browse EDK examples {projects) on the web here

OF H Cancel ” Help

3. Select open a recent project and browse to the same system.xmp file as Step 4 in
the Generating Pcore section. The project will open and you should see the
following on your screen.

> Xilinx Platform Studio - C:\EDGE_2\ug456_11_4_vsk_v3_0O\ug456_11_4_vsk_v3_0\Demonstrations\EDK\EDK_Demonstrations\Camera_Frame_Buffer_Demo\system.xmp - [System Assembly View]

& Fle Edt Vew FProject Hardwars Software Debug  Simulstion  Window  Help. E3
DeEa DO ED0X® oo M ABEIRS BRK P-AR mdE X Bricc /5 0K
TP Catalog a=N-B3 P L L ﬂ Bus Interfaces | Forts | Addresses Bus Interface Fiters
18® H Name s Name 1P P versin PCassbesin || &1 Comesten
Description P Version w microbiaze_0 ¢ meoblaze 7.20.0 Processor
£ £ EDKInstal 5l ame ¢ Inb_vi0 100 LB Bus TE
anaiog P ¢ Inbvi0 1002 LB us
Bus and Bridge 1 pb_vie 10%t.a PLBY46 Bus.
Clock, Reset and Interrupt o ¢ b bram .. 2.10.6 Merory Controller
Communication High-Specd o ¢ Inbbram .. 2.10.b Memory Controller
Commurication Lo-Speed g TGk ?gga memwv Controller
OMA and Tier 1 van_bloc a emory o
¢ camera 2008 Peripheral
Gerteral Purpose 10 2 display_cont.. 3.00a Peripheral
10 Modes o dvi_out 3008 Periphersl
Interprocessar Communication Y garma_plbw 3,006 Peripheral
Memory and Merory Controler mdm 1009 Debug
1 video to_vibe 2.00.a Peripheral
Peripheral Cantroller vik_camera... 3.00b Peripheral
Processor spsgpo 200 Peripheral
Uity ¢ xps_gpio z.00.a Peripheral
& Project Local peores g Xps_apio. 200.a Peripheral
USER. pe_ic 2028 Peripheral
= Project Perpheral Repository0 i e xpsic 2024 Peripheral
USER. SysACE_ CompactTash 7¢ xpssysace 101 Peripheral
5232 tart 30 xps_uartite  1.01.a Peripheral
cloci_generatar_0 ¢ clack gener.. 3.02.a P
cm_mode_0 ¢ dom module 1.00.d P
proc_svs reset 0 ¢ proc_sysre.. 2008 Peripheral
< I 3¢ | 3| s | >
1P Catalog | Project | Applcations & System Assembly View = Block Diagram = Design Summary =] sk top.h
Console ~O8x
Danet ~
start xbash -noblock -g -c "cd /oygdrivesc/EDGE_2/ugdS6_11 4 vsk v3_0/ug4S6 11 4 vsk_v3_0/Demonstrations/EDK/EDK_Demonstrations/Camers Frame Buffer Demo/; Xmd -xmp System.xmp
< | 3
Erers | Console
warnings “08x
1. INFO:iNPACT:578 — '4': Completed downloading bit file to device. ~
1. INFO:1NPACT - '4': Programing completed successtully.
< 5

7 start 2 il enerat.. F scully.egr.msu.edu - % Xiiny Platform studio J MATLAG 7.6.0 (R200 i untitied - Paint o1 Ciina 11 1EDKIDL
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Because the Pcore was generated in the same directory as the original used in the
demo, no additional work needs to be done in XPS to implement the Pcore with your
custom logic.

4. The next step is to generate the bitstream that will be downloaded to the board.
Select Hardware > Generate Bitstream from the main menu to do this.

= Xilinx Platform Studio - CAHDGE_2\ugd56_11_4_vsk_v3_0Wg456_11_1_vsk_v3_0\emonstrations\EDKVEDK_Demonstrations\Camera_Frame_Buffer_Demol [System Assembly View] x
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B % Creste or Ingort Perghere.. B B Neme Bus Name P Typa 1P vension TP Classfcation D o i
Desaiton - o E— A micblaze 7204 Frocesaoe ] tneerrectea
T i 5] Configure Coprocessor |y e o fr== B
- Check and Yiew Core Licerses.. ——| F Inb_v1o 1003 LME Bus T B
& Bus and Eridge JA . — = plb e 05 PiEag Bus )
& Clock, Reset and Intemupt 5. Clean Hethst 5 5 dinh eoth ik bram 2,10 Memery Cortroler by
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Note: It is normal for this process to take over 20 minutes.

5. The next step is to build the software applications. This will create the
executable file that will run the Microblaze processor. Select Software > Build All
User Applications from the main menu to do this.
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6. Now that the bitstream and software applications have been generated, it is
time to download the bitstream to the board. This is accomplished by selecting
Device Configuration > Download Bitstream from the main menu.

3_0\Demonstrations\EDK\ED!

[System Assembly View]

# Fle Edt View Project Hardware Software Debug  Simulation  Window  Help g %
OPE: BB B s [0 ()] 48 update Bitstream MEBORNG ES Aecd R P
IP Catalog =] L L BusInterfaces | Ports | Addresses | Bus Interface Fiters
2® [ Program Flash Memory "é‘ "B" Name Bus Hame P Type TP Wersion TP Classfication CR T .
nnecte:
Description P version ™ micrablaze_0 4 mirobloze 7,20, Processor Uncormacted
5 £ Ekinstal T | b 3 Imb_v10 1003 LB Bus 51 By Bus Standard
nalog imb i Imb_v10 1.00.a LME Bus LMB
Bus and Bridge :' mb_pl 77 pblvae 1042 FLBW46 Bus e
Clock, Reset and Interrupt & aib_cnth J Imb_bram .. 2.10.b Memory Controller Fa
Commanication High-speed F_‘F:r:} oot ¢ b bram .. 2,106 Memory Controller S PERETEREE
Commurication Low-Speed T i DDRZ_SDRAM T mpmc 5.04.a Memory Controller User Defined
DHMA and Timer i > imby_bram 3¢ bram_block  1.00.a +face Typs
a camera_&! Tr camera 2.00.a Peripheral Slaves
General Purpase 10 display_controder & ' display_cont... 3.00.a Peripheral Masters
10 Modules i out @ T dvi_out 2008 Peripheral Master Slaves
Interprocessor Communication gamma_pibw_0 Tr gamma_phw  3.00.b Peripheral SRS
Memary and Memary Contraller o | Eowdng T mdm Loo.g gt
pC1 videa_to_ wibe viden_to_vfbe 2.00.a Periphersl R
Peripheral Controller vk, camera_vop_oib. vek_camera.. 300k Peripheral
Processor DI switches BRE xps_gpio 2003 Peripheral
Uity s T xps_gpio 2003 Peripheral
(= Project Local peores Pust_Buttons_ Postion T xps_gpio 2.00.a Peripheral
LISER. 05 i xps_iic 202.a Peripheral
£ Project Peripheral Repostory T wps i 202. Peripheral
USER SYSACE Compactrash T xps_sysace  L0La Peripheral
RE5232 Llovi Tr xps_vartlte 101 Peripheral
clack_generater_0 i cock_gerer..  3.02.a
dem_moduie_ 0 “r dem_moduls 1,004 P
proc_sys reset O S proc_sys_re.. 2.00.a Peripheral
< | SIS | PR3 | >
IPCatalog | Project | Applications | B3 Start Up Page | & System Assembly View (& Black Diagram = ——
Consale sO08x
Generating Block Diagram to Buffer
Generated Block Diagram SVG
< | >
Ewors | onsoke |
Warnings sO08x
< | >
Download Bitstream to the FRGA D

7. We are now ready to simulate our design and see the results of the custom logic
that has been implemented into the demo. Under Debug select Launch XMD.

= Xilinx Platform Studio - C:\FDGE_2\ug456_11_4 vsk v3 0\g456 11 _4_ysk v3_0\Demonstrations\EDK\EDK_Demonstrations\Camera_Frame_Buffer_Demo\system.xmp - [System Assembly View]

# Fie Edt View Project Hardware Software Device Configuration WSS Simulation  Window  Help -8 x
D2Ead E®BE| o X ® o o DebugConfigwation... % @ec AW unge X o £
IP Catalog P13 & D Debug Opkicns ces | ports || addesses | Bus Interface Filers
B® 3 Laun Bus Name TP Type TP Version 1P ClassFication ) By Connection J
Description IP Yersion P 3% Launch Software Debugge 0 4¢ moroblees 7.204 Processor E::g:;zted
] e Fro  dwe o e i
Analog - 00 LB
Bus and Bridge r mb_plb 77 pbvée 1.04.a PLEW4S Bus VS
Clock, Reset and Interrupt o dimé_enl T Imb_bram_if.. 2.10b Memary Controller FoL
Commurication High-Speed F', simb_cni 7 Imb_bram_if.. 2.10b Memory Controller xilinx Paint To Paint
Communication Low-Speed LN DORZ_SDRAM i mpme 5.04.a Memary Controller User Defined
oo - e e i arphers e e
ug 00 Saves
General Purpose 10 digpiaye_controler G i display_cont.. 3.00.a Peripheral Masters
16 Modules v ot & T dvi_out 300.a Peripheral Master Slaves
Interprocessor Communication gamma_pibsy 0 T gamma_plbw  3.00b Peripheral Monitors
Memery and Memary Cantroller o W e 00 Db rget:
Pl video_to_ uibe_0 video_to_vfbe 2.00.a Peripheral e
e ;5;, comera rop fﬂ: vsk_camera a‘gg‘h ?;eﬂn:era:
Proc 2 Switches xps_gpio a eripheral
Utiity LED7 B8 T xPs_apio 200.a Peripheral
) Project Local peores Fush_Suttons_Fostion g xps_gpio 2.00.a Penp:ers:
USER s i & xps_ic 202, Peripheral
[= Project Peripheral Repository0 xps_i_f . g xps_iic 202.a Pe”p:ers:
USER SYRACE_Compacks xps sysace  10La Peripheral
RE232 thaet T xps_uartite 1.01.a Peripheral
clock_generator 0 Tr chock_gsner..  3.02.a i
dem_modide & i dem_module 1.00.d *
proc_sys reset 0 o proc_sys_te.. 200.a Peripheral
< | 3|8 | 3| (€ | >
1P Catalog | Project | applications | & Start Up Page | & System Assembly View ‘ & Block Diagram ] p3 Design Summary
Console EY=T-E3
Generating Block Diagram to Buffer
Generated Block Diagram SVG
< | >
Errors | Console |
Warnings EY=T-E3
<
Start KMD
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8. A command window will pop up and will go through a series of steps before it is
ready to accept input. Once the window has stopped executing type stop and hit
enter to ensure that the FPGA is ready to download the executable file.

9. Onthe next line type:

dow Camera_Frame_Buffer_Sw/executable.elf

This will download the executable file to the board. A series of addresses will
appear on the screen to let you know the location of program.

10. Now that the program has been downloaded onto the board type:
run

Your program will now execute and you will see the output of the camera with
your custom logic on the display.

WilinxA\1 1. 1\EDKEAbin\nt\xbash.exe

Connected to "mbh" target. id = A
Starting GDB server for "mb" target (id = B> at TCP port no 1234
HMDx: stop
HMD:: dow Camera_Frame_Buffer_ Sw/executable.elf
Sustem Reset .... DOME
Downloading Program —— Camera_Frame_Buffer_Sw/executahle.elf
section, .vectors.reset: BxABRABOBA—0:B000000°7
section, .vector w_exception: BxPBREBORE-AxBOBREEBRE
section, .vector nterrupt : BxBEREAR1 B-BxBRABAGA1L 7
section, .vectors_hu_exception: BxAAEBAAZB-BxBE0AEEE27T
section, .text: BxiBBBBBBB Bx188175e?
section, .init: Bx180175e8-0x1001768f
section, .fini: Bx1B@1761P-Ax18B1762f
section, . 3 Bx10017630-Ax18817637
section, . st Bx18017638-Bx1001763f
section, . : Bx18817640-8x1801aaf 3
section, .data: Bx1BB81aaf8-Bx1881h2d3
section, .eh_frame: Bxi1B881b2d4-Bx1881h2d4%7
section. .Jjcr: Bx1BA1b2d8-Bx1BA1h2dh
section. Bx1881b2e@-Bx1B811d4fh
section., D Bx1811d4fc-Bx191214fh
section, .stack: Bx181214fc-Bx101254fF

Setting PC with Program Start Address BxBBRBBHEH

HMD:: run

Conclusion

This application note demonstrates one of the easiest ways to implement custom logic
into a camera stream without having to learn a new programming language. Once the
concepts covered in this application note are understood, this document can be used as
a building block into more advanced programs on the FPGA.
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