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Reference Tutorial by: www.logictronix.com

See the Original Article [with HLS, SDK Code Explanation] on the Footer Section of this tutorial!

Here are the Tutorial Steps:

[Note: You will need Linux system for generating the binary image file to give on SD to ZedBoard and
again getting the RGB image from Binary Output from ZedBoard, while having Windows and Linux both
will be most favorable]

I. Steps followed on Windows 7:

1. Download the VIVADO Project File from this link: VIVADO Project

2. Extract the Project [Extract on any Local Disk, as on: E:/ ], you will see this type of files inside it
[taken in windows 7]:

| Sobel_Eernel_HLS 6/13,/2017 245 PM File folder
| Sobel_Systern 6,/12/2018 5:04 PM File folder

6/13/2017 9:53 PM LOG File

|=| vivado_hls

3. Now open the VIVADO project inside the Sobel_System/Sobel_system_ddr/
4. The provided source is of VIVADO 2016.4, if you are using later version [newer version] of
VIVADO then it will tell you about [older version than VIVADO 2016.4 does not open’s it] :

For any Queries, please visit: www.logictronix.com or mail us at: info@Ilogictronix.com
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¢ Older Project Version @

o This project was created using an older version of Vivado. It is strongly recommended that you backup the
project prior to migration by opening the project in the older version of Vivado (v2016.4) and running
“File-=Archive Project”. This will ensure all sources, including any IPs used by the design, are preserved
properly. Choose to either automatically upgrade to the current version or open the project in read-only
made.

What do you want to do?
@ Automatically upgrade to the current version

Open projectin read-only mode

P

Click on “Automatically Upgrade to the Current Version” and click on OK.
5. After VIVADO Opens the Project,
¢ Project Upgraded Ié

Your project uses Xilinx IP. Some ofthese |P may have
undergone changes in this release of the software. To
see the recommended actions, use the Report IP Status
button

This report can be accessed at any time using the
Reports -= Report IP Status menu item.

If using remote IP, you may wish to create a backup copy
ofthe IP and the output products prior to upgrading the
IP to the current release.

—

Just click on “Ignore”!
This option appears because of some of IP used on the block Design are Upgraded on the later
version of VIVADO, so VIVADO recommends about, do you like to upgrade your IP to latest one
or not?

6. This Project is already been generated [it is complete project including HLS Design, VIVADO IP
integrator Design and VIVADO SDK Design, all the explanation is provided on the original website
link on the top].

If you want to see the Block Design of this project then do click on, Open Block Design,

~ IPINTEGRATOR

Create Block Design

@en Block DesiD

Generate Block Design

7. Now launch the SDK from File> Launch SDK:
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4 Sobel_system_ddr - [EyXUP/Kathford_2018/Sobel_Filter_HLS_System_N/Sobel_Filter_HLS_System/Sobel_System/Sobel_system_ddr/Sobel_system_ddr.xpr]

File  Edit Flow Tools Repors Window Layout View Help Q- Quick Access write_bitstream Complete
I Project A S R - B == Default Layout -
H Add Sources. Alt+~  DESIGN - design_1~ ? X
~ Close Project design has 4 blocks  that should be upgraded. Report IP Status  Upgrade Later
Save Block Design Ciri+8
fes Design x Signals | Board ? 00 Address Editor  » Diagram  x 200
Save Block Design As.
) = A & @ @ X mH O qQ $ + E A C g & &
Close Block Design
sign_1 A

External Interfaces
Interface Connections

Checkpoint » | Nets
axi_mem_intercon
L " | processing_system7_0 (ZYNO7 Processing Systems 5
Text Editor » | ps7_0_axi_periph .
. Export N trties ?2 008X
& Lsunch SDK > &
Print Ctrl+P
v Exit Select an objectto see properties
3 Open Elaborated Design
8. On this option, Click on OK:
4 Launch SDK &

Launch software development tool.

Exported location: | » =Local to Project= hd

Workspace:  « <Localto Project= ~

/\
@

9. Now again click OK, if this option appears:

W

Bl Older Workspace Version Iﬂ

Workspace

YE/XUP/Kathford_2018/5ckel_Filter_HLS_System_M/Sobel_Filter HLS Systern/Scbel_
Systern/Sobel_system_ddr/Scbel_systern_ddr.sdk/ was written with an older version
of the product and will be updated. Updating the workspace can make it
incompatible with clder versions of the product.

Are you sure you want to continue with this workspace?

[ Do not wamn again about workspace versions

10. Now SDK Opens up automatically, it must be like this:

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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11.

Sobel_system_ddr.sdk - C/C++ - design_1_wrapper_hw_platform_1/systern.hdf - Xilink SDK =
File Edit Navigate Search Project Run Xilink Window Help
Huid | m-% - D@ -0 S O Quick Access ;| 1 | [[E)
[ Project Explorer 52 55| = B [gystenhdt 2 [ sstemmss  [d helloworldc | 5 systemhdf 32 =8  %ou. 2 fHlo. @M. = B
» (3 design_1_wrapper_hw_platform_0 desi e - - -
esign_1_wrapper_hw_platform_1 Hardware Platform Specification =
4 (AF design_1_wrapper_hw_platform_1 Eu=-3 Bty - P An outline is not available.
b & drivers . Design Information L
2 design_1_wrapper.bit e E
[& psi_init_gpl.c Target FPGA Device: 72020
& Part: xc72020clg484-1

Created With:  Vivado 20164
Created On:  Tue Jun 1319:11:00 2017

0 ps7_inithtml
] ps7_inittel Address Map for processor ps7_cortexad_[0-1]
[ system.hdf
b [ sobel
b @ standalone_bsp_0 Cell Base Addr High Addr Slave I/ Mem/Reg
ps7_intc_dist_0 0xf2f01000 OxfBFOLFFF REGISTER
ps7_gpio_0 020002000 0xe000afff REGISTER
ps/_scutimer_0 xfEf00600 0:f8f0061F REGISTER
ps7_sler 0 02000000 0xFE000FFF REGISTER
ps7_scuwdt 0 0xf200620 OxFEf006fF REGISTER
ps7_l2cachec 0 0xf802000 OxfBf02fff REGISTER
ps?_scuc 0 0xf300000 0:f8f000fc REGISTER
ps7_gspi_linear 0 Oxfc000000 Onef cFFFFFF FLASH
ps7_pmu_0 03293000 0xf8803ffF REGISTER
T afi1 nwsmn0o000 nvesn0oseE RERISTER
Overview
4 Target Connections 52 £4P =0 Problems ] Tasks [E) Console 33 Properties Bl SDK Termina = g SDK Log 52 =08
> (= Hardware Server # E ~ [~ 17:38:21 INFO  : Launching XSCT server: xsct.bat -interactive E:\Xl a
» £ Linux TCF Agent No consoles to display at this time 17:30:26 INFO  : XSCT server has started successfully. -
b (= QEMU TcfGdbClient 17:30:27 INFO : Successfully done setting XSCT server connection |
17:38:27 INFO  : Successfully done setting SDK workspace
17:39:27 INFO  : Processing command line option -hwspec E: /xUP/KatI
Tl — v

Note: If you are getting any error on SDK Log then you can close this SDK project and Launch it
again from VIVADO. Sometimes there may have some .java error if the SDK won’t configure well
with the current workspace. You can also write us your difficulties if you stuck here at:
info@logictronix.com .

[Optional] You can see the “helloworld.c” file which is the main file for configuring the Zyng PS
which is on our Block Design:

| system.hdf | M, system.mss [£] hellowerld.c 52 || system.hdf = 0O
//SOBEL HLS -
2| #include <stdioc.h: ‘E

#include "platform.h” B

@ // This will apply the sghel filter and return the PSNR between the golden sghel and the produced s
#include <stdio.h>
#include <math.h:
#include <string.h:
#include <stdlib.h>
#include <time.h:
#include <errno.hz
#include "xsdps.h”
#include "ff.h"
#include "xil io.h"
J/#include "diskio.h” /* Declarations of low level disk I/0 functions */
#include "xscbel.h”
#include "xil types.h™
#include "xscutimer.h”
#include <sys/time.h:

£ EYET BT ET ED

?

fitimer info

#define TIMER_DEVICE_ID «PAR_XSCUTIMER_@_DEVICE_ID
#define INTC_DEVICE_ID XPAR_SCUGIC_SINGLE DEVICE_ID
#define TIMER_IRPT_INTR XPAR_SCUTIMER_INTR

#tdefine TIMER LOAD VALUE BxFFFFFFFF

XSruTimer Timer:
1| [T} 3

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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12. Now connect ZedBoard with USB Cable to your PC for programming through the SDK [Here is
the Jumper setting and show up for Cable Connection]:

GRREREERE
UEEEEEEEE

M e
§E'
, i

Il. Ubuntu Section for Image Conversion [BMP/JPEG into Binary

and Vice Versa]

13. Now you need to open up the Linux PC [You need Linux PC for small Image conversion task, while
there might also some options with windows for converting the BMP/JPEG image into the Binary
image of .GRE.

We are using Ubuntu 16.04 LTS for converting this BMP/JPEG image into Binary.
14. Now open the terminal of the Linux distro [Ubuntu on our case]: Ctrl+Alt+T also opens the

Terminal.
Login your system on Root, enter “su” and enter the password of your Linux System:

Su

Install the “imagemagick” on your Linux system:

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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apt-get install imagemagick

15. Now download any JPEG image, convert it into 300x168 pixel size using online or offline image

resizing tool and place it on your desktop, place name “new.jpeg”.
This is our imput image [you can have different image of JPEG of 300x168 dimension]:

-

16. Direct your terminal to desktop:

cd Desktop

17. Now, We will convert “new.jpeg” into “input.gre” using this command:

convert -depth 8 -size 1024x1024 new.jpeg GRAY:input.gre

This command will convert the “new.jpeg” into the “input.gre” of 1024x1024 size and the “8-BPP
monochrome”.
18. Now, We will again convert “new.jpeg” into “golden.gre” using this command:

convert —-depth 8 —-size 1024x1024 new.]jpeg GRAY:golden.gre

This command will convert the “new.jpeg” into the “golden.gre” of 1024x1024 size and the “8-
BPP monochrome”.

19. Now take out the SD card from the ZedBoard and Copy this two “input.gre” and “golden.gre”
into the SD card. [You can copy this two .gre file from any of Linux or Windows]

lll. Now again back to Windows 7 system [where VIVADO SDK
Opens].

20. Now Goto VIVADO SDK, and Windows>show view>other>terminal

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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obel_system_ddr.sdk - C/C++ - sobel/src/helloworld.c - Xilinx SDK

File Edit Mavigate Search Project Run Xilinx [Window | Help

Bl [ ®~-f-@ixizDiERA New Window: - Quick Access || [ |
= Editor > -
- = = = - . =
[ Project Explorer 52 SR-N 4 Appeorance , i systemmss helloworld.c 52 | {3 system.hdf O | 5= ou. 32 THDo.. Ma... =]
» (3% design_1_wrapper_hw_platform_0 : = ElRR o ~
4 (B design_1_wrapper_hw_platform_1 Show View v | & C/C++ Projects L platform.h -
b (= drivers Perspective »| Bl Console Alt+Shift+Q, C i stdio.h B
2 design_1_wrapper.bit Noviaat , | T8 Documents stdio.h
[ ps7_init_gpl.c avigation = Include Browser he PSNR between the golden sobel and the produced s math.h
ps7_init_gpl.h string.h
[@ psT_init.c prda’mc_ﬁ lak=jlorget ;mmin
ps7_inith ] :;:3::: :Z T MNavigator timeh =
2l E
@ psT_inithtml 2l #include <t| 5= Outline Alt+Shift+Q, O ermo.h
] ps7_inittcl 2l #?n\:lude <&l & Problem Details xsdps.h
[ system.hat #include “x * th
5 bl #include "f |5 Problems Alt+Shift+Q, X
I i sobel #include " [o project Exal «il_io.h
roje orer
b {# standalone_bsp 0 /f#include | & et R ow level disk I/0 functions */ xsobel.h
#include "x| [ Properties xil_types.h
#include "x| 47 Search Alt+Shift+Q, § xseutimerh
#include "x|
= sftime.h
~ - & Tasks KA
|2 #include <s| TIMER_DEVICE ID
//timer inf Other... Alt+Shift+Q, @ INTC_DEVICE_ID
@ sdefine TIME = VICE_ID TIMER_IRPT_INTR
#define INTC_DEVICE_ID XPAR_SCUGIC_SINGLE_DEVICE_ID TIMER_LOAD _VALUE
#define TIMER_IRPT_INTR XPAR_SCUTIMER_INTR Timer: XscuTimer
#define TIMER_LOAD_VALUE @xFFFFFFFF SIZE
XSeuTimer  Timer: - @ ® INPUT_FILE : char]
< I} v @ © QUTPUT_FILE : char[] 2
o Target Connections 72 £ =0 Problems ] Tasks & Console 3¢ Properties ] SDK Terminal =g SDK Log £2
I (= Hardware Server ME- INFO  : Launching XSCT server: xsct.bat -interactive E:\Xl »
I (= Linux TCF Agent Ma consoles to display at this time. INFO @ XSCT server has started successfully -
b [ QEMU TefGdbClient INFO  : Successfully done setting XSCT server comnection
INFO  : Successfully done setting SDK workspace £
17:38:27 INFO  : Processing command line option -hwspec E:/XUP/Kati
« i 3
| Witable | smorttnsert | 24:30

e

rm Show View

type filter text

[» = Debug -
[ = Git

[+ = Help

[ = Java

[+ [ Java Browsing =
[+ = LTTng

[ (= Make

[» [ Metwork Tracing
[ (= Oprofile

[ (= Profiling

[» [ Remote Systems
[+ = Team

a (= Terminal

|§E Terminal | =

[+ (= Tracing o

m

Lok ]|

Now click on Terminal

Cancel ]

21. Plugin the SD card on the ZedBoard and setup jumper as follows and turn the Power jumper:

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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22. Setup the Serial Connection with the ZedBoard
m Terminal Settings @

Wiew Settings:

View Title:  [Terminal 1

Encoding: [50-8859-1

a4

Connection Type:

Serial

4

Settings:

Port: COM14 -
Stop Bits:
Pty
Flow Control:

If SDK is not showing the COM port then do close SDK and launch again from the VIVADO. This
COM port need an extra driver on your Winodws/Linux System, If you are using SDK terminal

first time then you might need to install the Driver for the UART for ZedBoard. Follow “Cypress
USB-to-UART Setup Guide”.

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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For 1° time Working with ZedBoard ,Here is the Steps for “Cypress USB-to-UART Setup
Guide” from this PDF:

3. Unplug your USB UART device.
4. Browse to the Cypress’s website: https://secure.cypress.com/?mpn=CY7C64225-28PVXC

5. Scroll down to Technical Documents and download the “Microsoft Certified USB UART
Driver” for your PC’s operating system. You may need to setup or log into a Cypress account to
download the driver.

6. Unzip the driver to a convenient location and run “Setup.exe”. The new driver will be installed.
7. Connect the evaluation board’s Cypress UART-USB interface to the PC.

23. Now program the Bitstream to the ZedBoard:
Click on Program FPGA option and Click on “Program”, it must look like:

R Sobel <y2iEm ddrele C/CE - H Program FPGA T = =
File Edit Mevigate Search Project Run Jilinx Window Help 1
. D~ . tEat . Program FPGA —
= ‘ BiviDiEBBE Specify the bitstrearm and the ELF files that reside in BRAM memory ,?.;_.?, Quickaccess || 65 | [IE]
[ Project Explorer 2 BES%|Y =0 =0 %Eou. 8 Moo a. = 0O
» (8 design 1 wiapper_hw_platform 0 (ot oo, - AW e % <
+ (B design1_urappes. v pinform. 1 _ Hardware Platform: |design L wiapper_w.platform_0 - |E o platformh p
> i sobel Connection: [Local 4 & stdioh
. () standalone bsp 0 21 stdioh
@/ Device: Auto Detect hd the produced 5 B mathh
- B o design_1_wrapper.bit 8 stringh
o : - 21 stdiibh
2 [] Partial Bitstream B timeh B
2 . M emoh
2 BMM/MMI File: Search... | | Browse.. 1 ssdpsh
Software Configuration o fh
o ilich
Processor ELF/MEM File to Initialize in Block RAM o ssobelh
2 xil_typesh |
o scutimerh
- B sys/timeh
A # TIMER DEVICE D
# INTC_DEVICEID
e # TIMER_IRPT_INTR
# TIMER LOAD_VALUE
@ Timer: XScuTimer
a7 i v # SIZE
- @ 5 INPUT_FILE : char[]
< . A v ® ¥ QUTPUT_FILE : char(] -
44 Terget Connections 5% £4° =8 oble Terminal1 52 HEEHE P-EBE-x=0
» (= Hardware Server ST sEmm T w1 5200, 8, 1, None, None - CONNECTED) - Encoding: (150-8859-1)
> (= Linux TCF Agent N consles te display at this time. m
+ (= QEMU TefGabClient
4 " L3

Serial: (COM14, 115200, 8. 1. None. None - CONNECTED) - Enceding: (ISO-8853-1)

Fig: Program FPGA Option

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com
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File Edit Mavigate Search Project Run Xilinx Window Help
i & | S TR0l HE R R SR = Quick Access ;| [ |

[ Project Explorer 53 BE®|Y = 8 [Gsystemhd H, system.mss [€ hellowerld.c 3 system hdf = B8 GSrou. 3 Woo.. @Ma. = O
> [3F design_1_wrapper_hw_platform 0 //SOBEL HLS - B3R o ¥ 7
> (3 design_1_wrapper_hw_platform_1 A

%mj < eppeLL - B #include <stdic.h> |s| platform.h =
> & #include "platform.h” L stdioh
> (i standalone_bsp_0 stdioh
@®// This will apply the sobel filter and return the PSNR between the golden spbel and the produced s math.h
[2  #include <stdio.h> stringh
2 #inc th.h g
a e = stdlibh
5 hine] 2 progress nformation = e fimeh 2
|2 #in ermno.h
|2 #in @ Configure FPGA with bitstream: E\XUP\K...per_hw_platform_0\design_1_wrapper.bit ssdpsh
#incll | WY #h
#inc
incll | (— o J silio.h
1/ xsobel.h
s#inc xil_types.h
#inc xscutimer.h
= ing sys/timeh
@ #in TIMER_DEVICE_ID
e INTC_DEVICE_ID
@ #define g - - @ DEVICE ID TIMER_IRPT_INTR
#define INTC_DEVICE_ID XPAR_SCUGIC_SINGLE_DEVICE_ID TIMER_LOAD_VALUE
#define TIMER IRPT INTR  XPAR_SCUTIMER_INTR Timer: X5euTimer
#define TIMER_LOAD_VALUE @xFFFFFFFF SIZE
XScuTimer  Timer: - ® 5 INPUT FILE : charl]
«| m | D @ % QUTPUT_FILE : char[] o

4 Target Connections &% L =0 Problems 2] Tasks [ Console £3 Properties [ SDK Terminal =g SDK Log | & Terminal 1 12 M EERE A-E-r% =0
» (= Hardware Server 2 BB | ot B~ (%~ Seriak (COML4, 115200, 8,1, Non, None - CONNECTED) - Encoding: (1S0-8850-1)
> (= Linux TCF Agent Program FPGA | P
> & QEMU TefGdbClient 7

« 3 | m 3

Serial: (COML4, 115200, 8, 1, None, None - CONNECTED) - Encoding: (150-8859-1)

Fig: Programming FPGA, Uploading the Bitstream to ZedBoard

24. Now LED “LD12” of ZedBoard will glow, this is “Blue” LED.
25. Now we are ready for launching the SDK project on ZedBoard:

Right click on the Project “Sobel”, goto “Run As”, and click on “Launch on Hardware(GDB)".
ET T =

obel

File Edit MNavigate Search Project Run Xilinx Window Help
i L = =—lesnER il . QP gi% - Quick Access| | [ |
New »
[t Project Go Into f system hdf i, system.mss [ helloworld.c §2 g system hdf =0 Sou.x Woo. @Ma. = O
//SOBEL HLS - 4N N
> g :ES Open in New Window = SRR I T
> (3 des . p
oot #include <stdio.hx |E| H - platform.h =
> i B Copy Ctr+C Hinclude "platform.h” B B stdioh
[ ste Paste CtrlsV 21 stdioh
@// is wi y t s ilter return tl e t 5 t ™ 5
R Delete Delete | ®#4 This will apply the sehel Filter and return the PSNR betueen the golden sobsl and the produced g B mathh
#include <stdig.h> m1 stingh
Source b #include <math.h> *_J stdlibh
Move #include <string.h> b o
e #include <stdlib.h> & timeh £
Rename... 7] #include <time.h> B emoh
#include <errno.h 5 xsdpsh
fy Import. #include "xsdps.h” U ffh
n Expott #include "Ff.h" o silioh
= #include "xil_io.h" o X‘f‘;“h
//#include “diskio.h” /* Declarations of low level disk I/0 functions */ ssobel.
CmEREs: #include "xsobel.h” o0 il typesh
Clean Project #include "xil_types.h” U xscutimerh
Refresh F5 :l:"(i"jf ""“;:?"Erl‘qh" I systimeh
include <sys/time.h>
Close Project . # TIMER_DEVICE ID
Close Unrelated Projects //timer info #  INTC_DRVICEID
#define TIMER _DEVICE_ID XPAR_XSCUTIMER @ DEVICE ID # TIMER_IRPT_INTR
Build Configurations » #define INTC_DEVICE_ID XPAR_SCUGIC_SINGLE_DEVICE_ID # TIMER_LOAD_VALUE
- #define TIMER IRPT INTR XPAR SCUTIMER INTR @ Timer: XScuTimer
Run As v | & 1 Launch on Hardware (System Debugger) # SZE
Debug As | 25tart Performance Analysis - & 5 INPUT_FILE - char(]
= s char @
Compare With v | % 3 Launch on Hardware (System Debugger on QEMU) | b ®* OUTPUT_FILE: charl]
o} Target Restore from Local History... £ 4 Launch on Hardware (GDB) rminal = B8 []0Klog @ Teminall 13 N EEHEP-E-x= 8
> 6 Har e e— [E] 5Lecal C/C++ Application Fu| o B~ [ - Seriak (COMLY, 115200, 8,1, Nene, None - CONNECTED) - Encoding: (1S0-8859-1)
& Lin Generate Linker Script Run Configurat f
o qp B Generate Linker Scrip un Configurations.. b
Wl Change Referenced BSP
Team >
Configure » » < m D
15 sobel Properties Alt+Enter

26. After program run successfully on your Zyng Processing System, you will get this update on the
UART Terminal:

For any Queries, please visit: www.logictronix.com or mail us at: info@logictronix.com



http://www.logictronix.com/

logictronix

27.

28
29
30

31

So the Project Run well. The Result shows the time taken by the Zynq PS for processing this Binary
Image File and Generating it’s Sobel Output. Output has been generated on the SD card of the
ZedBoard.

lll. Now again back to Linux System [For Generating JPEG Image
file from the output.gre File].

Take the SD Card from the ZedBoard and Plug into the Linux System:

Copy the “OUTPUT.GRE” file on the desktop of your Linux [Ubuntu in our case] System.

Open the Terminal and change the directory to the Desktop of the Linux [command is shown in
Il Section above].

Now use this command for converting the “OUTPUT.GRE” file into the “output.jpeg”.

In this step we will convert the binary file into the JPEG file of the original size 300x168 Pixels [
state on step 15 above]

convert —-depth 8 -size 300x168 GRAY:OUTPUT.GRE output.jpeg

32.

Finally you will get the output image after implementation of Sobel Filter. Our Output Image is
like this:

For any Queries, please visit: www.logictronix.com or mail us at: info@Ilogictronix.com

B sobel_system_ddr.sdk - C/C++ - Xilinx SDK = i
File Edit MNavigate Search Project Run Xilinx Window Help
i R RN EE-Y ) H R R - Qu\(k-‘lt[szz‘%‘l
[ Project Explorer 52 B&|¥Y =8 ¥ [¢ hellowerld.c &7 = B8 &Sou. 13 =8
(& design_1_wrapper_hw_platform_0 //SOBEL HLS - S0 R e ¥ T
{3 design_1_wrapper_hw_platform 1 . A
%sobj - viepper e 2 #include <stdic.hs o platformh
: #include "platform.h” B stdioh E
{#) standalone_bsp_0 n stdioh
®// This will apply the sobel filter and return the PSNR between the golden sphel and the produced s B mathh
2 #include ¢stdio.h> =1 stingh
2| #include <math.h> B stdibh
2 #include ¢string.hs el
2 #include <stdlib.h> M timeh
2 sinclude <time.h> o M emnoh
‘ m B U sdpsh @
= Console 3% =B & Terminal 1 13 HEREHRE S-H-%x=0
Y BE FU| p B - [ - Seriak (COML4, 115200,8, 1, None, None - CONNECTED) - Encoding: (50-8859-1)
Program FPGA hellol
— Output initialy has 1048576 zeros
Just read from input with start @x31dla@
Read:58488 bytes
Input has 998536 zeros
Just read from gulden with start @x11d1a@
Read:58400 bytes
Golden has 998536 zeros
Vector Adder Status: isDone @, isIdle 1, isReadyl
Sobel kernel initialized with 3264928 for input and 2216352 for outpu
Start timer
Measure timer
Measured
Ended with 8.838923 secs
i Target Connections 33 < =0 PSNR:18.336
. Hardware Server Just written to output with start @x21d1a@
= Written:1048576 bytes
(= Linux TCF Agent Output has 998274 zeros
(= QEMU TcfGdbClient PSNR of original Sobel and computed Sobel image: 13.336
] b < " L3
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Sobel Filtered Output Image.
33. We think there may have some minor changes on the conversion of .GRE file into the JPEG, the

above image is not very well. This distortion is happen due to it’s conversion of binary into JPEG
and vice versa.

However the main Objective of this session is make you familiar with the
process [support you with the main article of Sobel HLS kernel
implementation on Zedboard ] of creating Accelerator [ HLS Kernel’s],
Interfacing it with Zynq PS and other peripherals on VIVADO IP integrator and
writing the Software Application on VIVADO SDK for Zynq PS for reading
binary image from the SD card from ZedBoard and process it then generate
the binary output on the SD card.

Thank you for following this tutorial!

Hope it helps you on learning the process for the HLS Sobel
Filter Implementation on ZedBoard!

For any Queries and more tutorials, please visit:
www.logictronix.com or www.digitronixnepal.com

We respond on your queries from email:
info@Iogictronix.com
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Sobel Vivado HLS Kernel
using AXI full interface

ON 2 MAY 2017 BY NIKKATSA

In this post we will explore the steps from creating and exporting an HLS IP to
integrating it in a Zynq Design. Finally we will create an app in SDK that uses this
peripheral in order to apply a sobel filter in an image read from a SD card connected
to the board. We use the Zedboard development kit and Vivado 2016.4 tools for this

project.

The project is here.

First of all we create our Sobel filter as a HLS Kernel. The implementation is basic but
we added some pragmas and techniques in order to achieve better performance both
in memory transactions and computations. Bear in mind that the problem is memory

bound so we focused in this aspect.
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In order to reduce the bottleneck created by the ddr accesses we used block rams to
store the input data, process it, and then write it back to the ddr. For the transactions
we used the memcpy command which gives us the ability to transfer data with bursts.
The size of the block ram is due to the restrictions of the block ram slices in the
Zedboard. In other case we would have used bigger block rams because we would have

benefited handsomely from the bursts.

After we simulate the kernel and verify its correct functionality then we export it as

an IP.

In order to use the implemented IP in Vivado we have to add the HLS project in the
repository manager. Then in the add IP icon type the name of your IP and insert it in

the block design.

Now its time to build our system. First of all we add the processing system and enable
the S_AXI_HPO interface(set in 64 data width). Then we have to add a concat module

as well as a gpio peripheral which we will use to connect the ap_ ctrl interface with it.

The final block design screenshot is this.

We export the hardware and launch the SDK. We create a board support package and
enable the xilffs library in order to have access to a SD card. We create a new

application project and enable the -m flag in the gcc linker.

For any Queries, please visit: www.logictronix.com or mail us at: info@Ilogictronix.com
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First of all we have to mount the sd card so we use this command to do that.

static FATFS FS instance;

const char *Path = "0:/";

FRESULT result;

result = £ mount (&FS_instance,Path, 0);
if (result != FR OK) ({

printf ("Cannot mount sd\n");

return XST FATLURE;

Then we must properly initialize the GPIO and the HLS kernel with these functions

void sobel init(unsigned char *input addr,unsigned char *output addr) {
//Kernel - Init
XSobel CfgInitialize (&Sbl, &Sbl CONF) ;
XSobel InterruptGlobalDisable (&Sbl);
XSobel InterruptDisable (&Sbl, 1);

XSobel Set in pointer (&Sbl, (u32)input addr);

For any Queries, please visit: www.logictronix.com or mail us at: info@Ilogictronix.com
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XSobel Set out pointer (&Sbl, (u32)output addr);
printf ("Sobel kernel initialized with %d for input and %d for

output\n", (int)XSobel Get in pointer (&Sbl), (int)XSobel Get out pointer (&Sb

1))

The data structures and the functions are in the header files generated for the

peripherals.

In order now to read an image from the sd card we use these set of commands

FRESULT £ in, f out, f golden;

Log File = (char *)INPUT FILE;

f in = £ open(&filel, Log File,FA READ);
if (f in!= FR OK) {

printf ("File INPUT FILE not found\n");

return XST FATILURE;

f read(&filel, &input[0],SIZE*SIZE, &readBytes) ;
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f close(&filel);

and to write

Log File = (char *)OUTPUT FILE;

f out = £ open(&file3, Log File, FA CREATE ALWAYS | FA WRITE);
if (f out!= FR OK) {

printf ("File OUTPUT FILE not found\n");

return XST FATLURE;

off =0;

uint writtenBytes=0;

while (writtenBytes!=SIZE*SIZE) {

f out = £ write(&file3, &soutput[off],SIZE*SIZE, &writtenBytes);
if (£ out!=0) {

xil printf (" ERROR: f write2 returned %d\r\n",f out);

return XST FATILURE;
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off+=writtenBytes;

f close(&file3);

The most important part is the one that calls the init functions with the proper values

in order to start the kernel and then monitor if the kernel has finished the processing.

sobel init (input, output);
XSobel Start (&Sbl);

while (!XSobel IsDone (&Sbl)) {}

The process described above can be used for any peripheral that can read and write to

the ddr memory.

Summary

After some experiments the average time in seconds of each implementation is:

SOFTWARE -00|SOFTWARE -0O3|HLS KERNEL

1.62s |0.09s |0.03s

As we can see this implementation achieves better performance than any software

implementation.
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