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Executive Summary

The Xilinx Spartan 3A-3400 DSP Video Starter Kit (VSK) provides users the functionality to
develop of variety of video and image processing applications on Field Programmable Gate Array (FPGA).
With the utilization of Xilinx’s Embedded Development Kit (EDK) and System Generator, users can
develop a custom application by modify the reference design demo. The purpose of this application
note is to guide the users to implement custom logic in the Camera Frame Buffer Demo reference design

which is provided Xilinx.
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Introduction

There are variety of applications involve with FPGA boards such digital signal processing,
medical imaging, computer vision, and radio astronomy. It’s due to the reason that FPGAs contain array
of programmable logic components and reconfigurable interconnects, the flexibility of FPGAs allows
users to design a variety of applications. With the Xilinx’'s design tools, users can easily design and
implement a new model into FPGAs without using hard description language (HDL).

Purpose

The objective of this application note is to demonstrate a process of implementing custom logic
into the Camera Frame Buffer Demo reference design and simulating the design by using Xilinx Spartan
3A-3400 Xtreme DSP Video Starter Kit. This application note will emphasize the process of using System
Generator and the Xilinx EDK to implement a custom logic instead of focusing on the logic itself.
Therefore, it will utilize the vehicle detection logic which is a designed model base on the Camera Frame
Buffer Demo reference design as a demo. The concept of this demonstration can further be used to
implement specific custom logic by the users.

Software Required

e  Xilinx ISE Design Suite 11.4
e System Generator 11.4
e MATLAB 2008a with Simulink

Hardware Required

e  Xilinx Spartan 3A-3400 Xtreme DSP Video Starter Kit
e Monitor

Background Material
System Generator

System Generator is a digital signal processing design tool that enables the use of
MATLAB/simulink to design a model for programming FPGA board. By using a Xilinx specific
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blockset, all of the downstream FPGA implementation and necessary files would be generated
to program the FPGA automatically.

Xilinx Platform Studio (XPS)

XPS is one of a software tool in The Embedded Development Kit (EDK) that enables designers to
create customized embedded processor systems and integrate the designs into Xilinx FPGA
boards. It provides a graphical user interface that allows users to perform their embedded
system design tasks from design entry to design debug and verification.

Procedure

A) Download EDK demonstration file

1. Go to Xilinx web page by coping and pasting the following website on your browser,
http://www.xilinx.com/support/documentation/do-s3adsp-video-sk-uni-g.htm.

2. Click the file ugd56_11_4_vsk_v3_0.zip right under Spartan-3A DSP FPGA Video Starter Kit User
Guide.

3. Sign in to Xilinx with your user ID and password. If you don’t have a Xilinx account yet, create
one by clicking Create Account icon.

4. Click Download Design File, and save the file into any directory of your interest.
5. Extract the whole file into the same directory.
B) Download vehicle detection model
1. Go to Spring 2011 ECE480 Team 4 web page by coping and pasting the following website on

your browser,
http://www.egr.msu.edu/classes/ece480/capstone/springl1/group04/documents.html.

2. Download vehicle_detection.mdl, and save the file into any directory of your interest.

C) Pcore and XPS file generation

1. Double-click the file vehicle_detection.mdl to open the file and you will see the following
window on your screen.


http://www.xilinx.com/support/documentation/do-s3adsp-video-sk-uni-g.htm
http://www.egr.msu.edu/classes/ece480/capstone/spring11/group04/documents.html
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Once the program is opened, we can start to generate the PCORE that will be integrated in the
embedded system design in XPS and all necessary files by using system generator. Double-click
the System Generator token in the model to bring up a compilation options window as
following.

) System Generator: vsk_camera_vop/vsk_camera_vop |Z| |§| El

— Compilation Options

Compilation ;
||Exp0r1 az a pcore to EDK |
Part

||Spartan-3.& DSP xc3=d34005-4f9676 |

Target directary

|..fedk | o
Synthesis tool ; Hardwvare description language
st v wHDL |
— Clocking Options
FPG& clock period (nz) Clock pin lacation
Multirste implementation DCM input clock period (ns) @

[ Pravide clock enable clear pin

Simulink system period (2ec) |1 |
Block icon display: |Defau|t v|
[ Generate ] [ Ok, ] l Apply l [ Cance| ] [ Help ]

Under compilation, make sure the Export as a pcore to EDK is selected.

Now we are going to select the specific project where the Pcore will be exported. Click the icon
at the end of the line to bring up a EDK export settings window as following figure.
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) EDK export settings E_“E|E|

— Pcore options:

Major  Minor HArEWY compatibility revision
3E- - s j

[ ]Peore under development

Enable custom bus interfaces

— Export Poore to:

{:} System Generator target directory

(%) EDK project;

o ” Cancel ” Help

Under Export Pcore to: , select EDK project and click the folder to browse for the project. You
can find the file from the same directory where you store unzip the ugd56_11_4_vsk_v3_0.zip
and ugd56_11_4 vsk_v3_0 > Demonstrations > EDK > EDK_Demonstration >
Camera_Frame_Buffer_Demo > system.xmp. Select OK when the file is found.

The next step is to specify the target directory for the Pcore. We will select the same directory
as the original Pcore used in the demo to save the need to connect the Pcore to the proper
buses once the project is opened in XPS. Click the folder and browse the Pcore from you saved
location and then ugd56_11_4_vsk_v3_0 > Demonstrations > EDK > EDK_Demonstration >
Camera_Frame_Buffer_Demo > Pcores.

Now, you are ready to generate the files. Click Generate button to start the process. A small
window will pop up to show the processing. (It usually take couple minutes to generate the files)
Once the generating process is done, you can close the MATLAB program.

For the future design, you can start from the model in the demo
located at ugd56_11_4_vsk_v3_0 > Demonstrations > EDK >
EDK_Demonstration > Camera_Frame_Buffer_Demo > Pcores >
vsk_camera_vop_plbw_v3_00_b > sysgen > vsk_camera_vop.mdl.

In this model, you can insert a custom logic after the Color Correction
block in the highlighted area shown in the figure below.
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D) Hardware implementation and simulation

1. Open Xilinx Platform Studio 11. It is located at All program > Xilinx ISE Design Suite 11 > EDK >
Xilinx Platform Studio.

2. Once the program is opened, it will pop up a prompt and ask for users to select a blank XPS
project or open a recent project. Select Open a recent project and browse the same system.xmp
file as step C-5 located at ugd56_11_4_vsk_v3_0 > Demonstrations > EDK >
EDK_Demonstration > Camera_Frame_Buffer_Demo > system.xmp. And then select OK. The
project will be opened and you should see the following on your screen.



< Xilinx Platform Studio - C:\EDGE_2\ug456_11_4_»
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_0\ug456_11_4_vsk_v3_0\Demonstrations\EDK\EDK_Demonstrations\Camera_Frame_Buffer_Demolsystem.xmp - [System Assembly View]

& Fle Edt Yiew Frojsct Hardware  Softwars a Debug  Simulation  Window  Help
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%
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F EDK Instal gl | o dinb 3 Imb_v10 1,008 LMB Bus & By Bus Standard
Analog - i 3 Imb_v10 1.00.3 LMB Bus T
Bus and Eridge - mb_olb 31 plb_vie 1.04a PLEV46 Bus , T
Clock, Reset and Interrupt o - dimb_catt Yr Imb_bram_if.. 2.10.b Memary Controller oL
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Generate the bitstream that will be downloaded to the FPGA board. Select Hardware >
Generate Bitstream from the main menu as shown below. (it is normal to take over 20 minutes)
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|
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4. Build the software application to create an executable file that will run the Microblaze processor.
Under the main menu, select Software > Build All user Applications.

A& Fls Edt Vew Froec  Hadwae Device Corfigurats Debug  Smdlstion  Window  Helo

D2EA B B0 51 5 Softwars Platform Settings... HBORE BMEN P=LR ) X RBr
P Catakn Assign Defauk Drivers L Ll m——reT—
T s Geraeate Liearies and BSPS |.!| g oo Pivee ] T = g.,.q:..mmnn
et L | 7 Add Software Applhcation Project... L Ll o miocklaes 7204 Processor a Lncornected
= £ ok el | ams % mb_v10 1.00.8 LM B S5 By Bus Sondard
Y — dnd T Imb_vin L.00.a LME Bus 7] LMB
S Bus and Eridge et Progrom Sz o S pb v 104,38 PLENSS Bus 21 puewas
B- Clock, Resst ond kitamut 5> || & clméy_cneb e Imb_bram f.. 2,106 Femary Cortraler B Fs.
S Communication High-Spesd T8 serweate Linker Script... > 5| @ o To b bran ¥.. 2106 Maemary Cortroler | n——
% Communicalion Low-Speed + DORZ_SORAN Fo e 5048 Permary Cortrolér = User Defred
- COA end Timer UF Clean Libraries & + dnb_ram e bram block L. Pamary 5 By eface Tyon
& Detug 3 Claanr @ camera_0 T camera Perpheral 2] Slaves
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& 10 2 Choan Scitvaars +- o out O T ok Panphersl (] Passter Slaves
g [ - i (amma_pbe & W Peripheral './I Poritors
G Memary ared Memory Conkroler | — - man_0 b3 Debug a Torgets
i BCL | | [ Wi fo_ v O K Penpheral %] nibakoes
% Peripheral Contraler ¢ " W vk canera_vep ob = Penpheral b
B Processce e 3 O a5 ¥* Feripheral
i+ Lkiky - +- LD B Q Penpheral
= Praject Local poores hd S BUTINS_Foseon u Penpheral
& USER e ¥ a0 Feripherd
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|
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5. Once the bitstream and software application is created, we can download the bitstream into the
borad. Under the main menu, select Device Configuration > Download Bitstream.
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< Xilinx Platform Studio - C:\EDGE_2\ug456_11_4_vsk_v3_0\ug456_11_4_ysk_v3_0\Demonstrations\EDK\EDK_Demonstrations\Camera_Frame_Buffer_Demo\system.xmp - [System Assembly View]
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Uity LEDs B 5 xps_apio 2.00.3 Peripheral
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6. Now, we are ready to simulate the model. Under the main menu, select Debug > Launch XMD. A
command will pop up on the screen.

< Xilinx Platform Studio - C:\EDGE_2\ug456_11_4_vsk_v3_0\ug456_11_4_vsk_v3_0\Demonstrations\EDK\EDK_Demonstrations\Camera_Frame_Buffer_Demo\system.xmp - [System Assembly View]
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dow Camera_Frame_Buffer_Sw/executable.elf and then hit enter to access into the executable
file.

7. Once the command window is ready to accept input, type

8. Finally, type run and hit enter to execute the simulation. Now, you can see the output on the
monitor you connected.

Conclusion

This application note demonstrates a method to implement a custom logic into the FPGA board
by using System Generator and Xilinx Platform Studio. It shows all the necessary process in order to
achieve the goal. Once the concept is understood, the users can further design a more advance model
into the FPGA boards.
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