Linux Development on the Zedboard

Eicaywyn

2€ AUTO TO epyacTriplo Ba xpnolpoTtroinooupe 1o Petalinux SDK ver. 2015.4 yia va
avaTITugoupe eva ocuoTnua Linux yia To Zedboard kai pia epapuoyr] TTou 8a TpEXE!
oT1o Zedboard.

To Petalinux SDK ¢ivail éva open-source Aoyiopikd atro Tnv Xilin, To oTToio TTapEXEl
Ta KAataAAnAa epyaAgia yia va dieukoAuvel evav developer oTnv avariTugn £vog
TTApoug AcIToupyikoU 2ZuoTrpaTtog Linux yia Evowpatwuéva ZuoThuara.

To Petalinux SDK Acitoupyei ue command-based dietragry. O developer XpnoIyoTToIEi
EVTOAEG atTo eva terminal yia va dnuioupyroel projects, epapuoyEg , va
TTOPAPETPOTIOIEI TO OUCTNUA Kal va dnuioupyei Boot images kai Filesystem.

210YO0I

MeTd TNV oAOKAfjpwon auTou Tou epyacTnpiou, Ba cioTe o€ B€on va:

e Avatrtugete éva 0iIkd oag Linux Distribution pe Baoikég AeITOUPYIKOTNTEG YA TO
Zedboard.
e Anuioupynoete custom e@apuoyEG yia To AEITOUPYIKO 0OG

Aladikaoia

MNa 1o TTapodv epyacTriplo, dev Ba avatmTuouue katoio Hardware Platform. To
Petalinux Trapéxel Tn duvarotnTa avarmtuéng Linux OS yia didgopa SoCs. Oa
Xpnolyotroioouue €va €tToino BSP @Tiaypévo yia dnuioupyia Petalinux distribution
OuUYKeKpIhéva yia To Zedboard.

2 UYKEKPIMEVD

1) ©a dnuioupynooupe éva Petalinux Project

2) Oa diapubuicoupe TO project auTo yia va ETITPEWOUNE PETAPOPA DEDOUEVIWV
pMéow Ethernet kai dnpioupyia FileSystem oe SD card.

3) Oa dnuioupynooupe Boot Images kai Root FileSystem

4) Oa popgoTtroiroouue yia SD card yia va petagépoupe Ta Boot Images kai 10
File System 1mou dnuioupynoape, oTnVv KAPTA

5) Oa avarmtuéoupe pia epapuoyn yia 1o Linux TTou 8a dnuioupyei 100 Tuxaioug
integers ka1 Ba Toug Tagivouei e augouoa oeipd.

6) Oa petagépoupe TNV e@apuoyn pag péow Ethernet oto Zedboard kai 8a Tnv
EKTEAECOUE VIO va eAeyEoupe oTi Oev €xEl oQAAuQTA.
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Create a Petalinux Project Step 1

1.1. Create a project using the Avnet-Digilent-Zedboard-2015.4.bsp as source
1.1.1. Open a terminal and type

cd ~/Petalinux_Projects

1.1.2. Next, type the following command to source the Petalinux SDK settings.sh file
and make the build and packaging commands of Petalinux available to us.

source /opt/Petalinux/petalinux-v2015.4-final/settings.sh

userl@pcl96:~/Petalinux_Projects - o x

File Edit View Search Terminal Help

[userl@pcl96 Petalinux_Projects]$ source /opt/Petalinux/petalinux-v2015.4-final/settings.sh
PetalLinux environment set to 'Jopt/Petalinux/petalinux-v2015.4-final'

INFO: Checking free disk space

INFO: Checking installed tools

INFO: Checking installed development libraries

INFO: Checking network and other services

[userl@pcl96 Petalinux_Projects]$ I

1.1.3. Type the following command to create a Petalinux Project

petalinux-create -t project \
-s ~/Documents/Avnet-Digilent-Zedboard-v2015.4-final.bsp

userl @pcl96:~/Petalinux—Projects - o x

File Edit View Search Terminal Help

[userl@pcl96 Petalinux_Projects]$ petalinux-create -t project -s ~/Documents/Avnet-Digilent-ZedBoard-v2015.4-final.bsp
INFO: Create project:

INFO: Projects:

INFO: * Avnet-Digilent-ZedBoard-2015.4

INFO: has been successfully installed to /home/fuserl/Petalinux Projects/

INFO: New project successfully created in /home/userl/Petalinux_Projects/

[userl@pcl96 Petalinux Projects]$ i

1.1.4. Change current directory to the created Petalinux Project directory

cd Avnet-Digilent-ZedBoard-2015.4

userl @pcl96:~/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4 - o X

File Edit View 5Search Terminal Help

[userl@pcl96 Petalinux Projects]$ cd Avnet-Digilent-ZedBoard-2015.4
[userl@pcl96 Avnet-Digilent-ZedBoard-2015.41%

1.1.5. Execute the following command to build the project.

petalinux-build —v

1.1.6. Execute this command to create boot images for your project

petalinux-package --boot --fsbl images/linux/zynq_fsbl.elf --fpga
images/linux/download.bit --u-boot --force
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Configure and build your Petalinux Project Step 2

2.1. Configure the created Petalinux project to allow communication via

Ethernet with the Host development PC.

2.1.1 While in the root directory of your created Petalinux project, type the following

command

petalinux-config -c rootfs

userl @pcl 96:~/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4 -

File Edit View Search Terminal Help
[userl@pcl9t Avnet-Digilent-ZedBoard-2015.4]% petalinux-config -c rootfs

2.1.2 You should see the following screen appear

userl @pcl96:~/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4 - =} x

File Edit View Search Terminal Help
/home /userl/Petalinux Projects/Avnet-Digilent-ZedBoard-2015.4/subsystems/Linux/|
I8
Linux/rootfs Configuration
Arrow keys navigate the menu. =Enter= selects submenus ---= (or empty
submerus ----). Highlighted letters are hotkeys. Pressing <Y=
includes, <N= excludes, <M> modularizes features. Press <Esc><Esc> to
exit, =?> for Help, </= for Search. Legend: [*] built-in [ ]

Filesystem Packages

Eibs s

Apps ---=

Modules ---=

Petalinux RootFS Settings ---=
Debugging ---=

< Exit = < Help = < Save = < Load =
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2.1.3 Using the arrow keys and enter, navigate to

Filesystem Packages ---> console/network ---> dropbear ---> - - dropbear

[ ]dropbear-openssh-sftp-server
And use the <Y> key to add the asterisk to both those options. This will include
the Dropbear package for your Petalinux distribution, allowing you to set up
SSH on the Zedboard and securely send files from and to your PC

workstation.

userl @pcl96:~/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4 - o X

File Edit View Search Terminal Help

| /home/userl/Petalinux Projects/Avnet-Digilent-ZedBoard-2015,4/subsystems/Linux/|
lc+ Filesystem Packages - console/network - droppegar — M
dropbear
Arrow keys navigate the menu. <Enter= selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
includes, =N= excludes, <M= modularizes features. Press <Esc=<Esc= to
exit, =7%= for Help, =/= for Search. Legend: [*] built-in [ ]

[*] dropbear-openssh-sftp-server

< Exiis < Help = < Save > < Load >

Select exit option as many times as needed to exit the configuration. When

prompted to save the new configuration, select yes and press Enter.

Do you wish to save your new configuration?
(Press =ESC=<ESC= to continue kernel configuration.)

< Mo >
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2.2. Configure the created Petalinux project to boot from an SD card.

2.2.1 Type the following command while in the root directory of your project

petalinux-config

userl @pcl 96:~/Petalinux-Projects/Avnet-Di

File Edit WView Search Terminal Help
[userl@pcl96 Avnet-Digilent-ZedBoard-2015.41% petalinux-config I

2.2.2 Navigate to

Image Packaging Configuration ---> Root filesystem type ---> () INITRAMFS
( ) INITRD
( JFFS2
( )NFS
( )SD card
( )other

And select SD card as the root filesystem type

|F\Le Edit View Search Terminal Help

Linux net-Digilent-ZedBoard-2015.4/subsystems/linux/config - linux System C

Root filesystem type
Use the arrow keys to navigate this window or press the
hotkey of the item you wish to select followed by the <SPACE
BAR=. Press <?> for additicnal information about this

) INITRAMFS
) INITRD

) JFFS2

) NES

X)@SD card
() other

< Help >

2.2.3 Exit and save the new settings

Do you wish to save your new configuration?

(Press <ESC><ESC> to continue kernel configuration.)

< Mo >
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Create Boot Images and Root FileSystem Step 3

3.1. Build and package the project
3.1.1. While in your project’s root directory, in a terminal type the following command

to build the project and create the necessary boot images.

petalinux-build -v
userl @pcl 96:~/Petalinux-_Projects/A

File Edit View 5earch Terminal Help
[userl@pcl96 Avnet-Digilent-ZedBoard-2015.41% petalinux-build -v

3.1.2. After the build process is over, execute the following command to generate the

boot image files

petalinux-package --boot --fsbl images/linux/zynq_fsbl.elf --fpga

images/linux/download.bit --u-boot --force

userl@pcl96:~/Petalinux-_Projects/Avnet-Digilent-ZedBoard-2015.4 -

File Edit View Search Terminal Help
[userl@pcl96 Avnet-Digilent-ZedBoard-2015.4]% petalinux-package --boot --fsbl images/linux/zyng_fsbl.elf --fpga images/linux/downloa

d.bit --u-boot --force
INFO: File in BOOT BIN: "/home/userl/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4/images/1inux/zyng_fsbl.elf"

INFO: File in BOOT BIN: "/home/userl/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4/images/1inux/download.bit"
INFO: File in BOOT BIN: "/home/fuserl/Petalinux_Projects/Avnet-Digilent-ZedBoard-2815.4/images/1inux/u-boot .elf"
INFO: Generating zynq binary package BOOT.BINM...

INFO: Binary is ready.

[userl@pcl96 Avnet-Digilent-ZedBoard-2015.4]1%

3.1.3. Execute the following command to create the Linux Root Filesystem file

petalinux-package --image -c rootfs --format initramfs

userl @pcl96:~/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4

File Edit View Search Terminal Help

[userl@pcl9s Avnet-Digilent-ZedBoard-2015.4]$ petalinux-package --image -c rootfs --format initramfs

[INFO ] package rootfs.cplo to /home/userl/Petalinux Projects/Avnet-Digilent-ZedBoard-2815.4/images/linux

Generating filesystem description file for gen_init_cpio...

Creating /init symlink if reguired...ln: failed to create symbolic link ‘/home/userl/Petalinux Projects/Avnet-Digilent-ZedBoard-2015.4/build
Jlinux/rootfs/targetroot/init’: File exists

Done.

directories...files...symlinks...device nodes...done.

Generating CPIO archive /home/userl/Petalinux_Projects/Avnet-Digilent-ZedBoard-2015.4/images/linux/rootfs.cpio ...done.

Image Name:

Created: Fri Dec 16 20:28:05 2016
Image Type: ARM Linux RAMDisk Image (gzip compressed)
Data Size: 3438060 Bytes = 3357.48 kB = 3.28 MB

Load Address: GR000000Q
Entry Foint: QGRO0EGOE
[userl@pcl9s Avnet-Digilent-ZedBoard-2015.4]%
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Format an SD card to boot Linux on the Zedboard Step 4

4.1. Format the SD card using GParted

War ninq! !l Gnome Partition Editor can also format the partitions of the

HDD of the workstation. Consult your instructor for this part.

% Applications ¥

Favorites Application Installer

Accessories
Boxes

Documentation

Graphics GParted
Internet Settings
Office

Software Update
Programming

Sound & Video Startup Applications

Sundry System Log

System Tools
System Monitor

B Pl e®X

Utilities

Other Virtual Machine Manager

XTerm

@ E

Activities Overview

Create new Partition Create new Partition
H ‘

Minimum size: 1 MiB Maximum size: 2595 MiB Minimum size: 33 MiB Maximum size: 3795 MiB

Free space preceding (MiB): : Createas: Primary Partition v Frea space preceding (MiB): ‘ Create as: Primary Partition

New size (MiB): "' Filesystem: | fat32

]
J

£ —_——————— New size (MiB):
1
|

File system: | ext4 vl

Free space following (MiB): Free space following (MiB):

= H BOOT

|7 ] ‘ Cancel H Add
" Cancel H Add
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4.2. Transfer Boot Images and filesystem to the formatted SD card.
4.2.1. Navigate to {ptinx-root-dir}/images/linux/ and copy the
i) BOOT.BIN

ii) Image.ub
Files to the BOOT partition of the SD card

4.2.2. While in the images/linux/ directory , right click and open a terminal
4.2.3. Log in as Superuser. (required to access the ext4 FileSystem of the rootfs
partition of the SD card)

4.2.4. Type the following commands

cp rootfs.cpio /run/media/<username>/rootfs/
cd /run/media/<username>/rootfs/

cpio -idv < rootfs.cpio

4.3. Insert SD card and boot Petalinux.
4.3.1. Insert the SD card on the SD card slot of the Zedboard.
4.3.2. Ensure MIO2-6 pins are in the following configuration to allow for SD Booting

MIO2-MI06

4.3.3. Power on the Zedboard.

4.3.4. Ensure the Blue “Done”’LED has been lit.

4.3.5. Connect the USB-UART Cable from the Zedboard to the Development Host
PC.

4.3.6. Open a new terminal and type the following command

minicom -d /dev/ttyACMO

4.3.7. Press enter a few times to show the Petalinux U-Boot command interface.
Type the following command to boot Linux.

boot
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Developing and testing a custom Linux application Step 5

5.1. Open Vivado Hardware project of Petalinux Project

5.1.1. Launch Vivado

5.1.2. Select the Petalinux Project hardware/Avnet-Digilent-Zedboard-2015.4/Avnet-
Digilent-Zedboard-2015.4.xpr Vivado project and open it.

** Applications ¥ Places v ‘\T:Ei:les = en~ Fri21:27 % ¥
<l > 4 Home | Petalinux_Projects | Avnet-Digilent-ZedBoard-2015.4 | hardware =Avnet-Digilent-ZedBoard-2015.4 QL = e = -
o = = = o O =
¥ Home
Avnet-Digilent- Avnet-Digilent- Avnet-Digilent- Avnet-Digilent- Avnet-Digilent- Avnet-Digilent- Avnet-Digile

[ Desktop ZedBoard-2015.4, ZedBoard-2015.4. ZedBoard-2015.4. ZedBoard-2015.4. ZedBoard-2015.4. ZedBoard-2015.4. ZedBoard-20

cache hw ip-user_files runs sdk sim srcs
[ Documents
~ Downloads | @ | ‘ k‘;.) | | @ |
dd Music Avnet-Digilent- usage_statistics_ usage._statistics_

ZedBoard-2015.4. webtalk html webtalk.xml

1 Pictures

xpr
Wl Videos

5.1.3. Select the Generate Bitstream option on the Flow Navigator to create the
hardware platform.

5.1.4. After the Bitstream has been generated, export the hardware platform to SDK.
Select File-> Export -> Export Hardware. Select the “Include Bitstream” option
and press yes.

5.1.5. Select File -> Launch SDK

5.2. Create custom Linux application for exported Hardware

5.2.1. After launching XSDK, select File->New->Application project

+* Applications ¥ Places ¥ BYBI[&++ - zed_wrapper_hw_platform_0/system.hdf - X... ¥

C/C++ - zed_wrapper_hw_platform_0/system.hdf

File Edit Source Refactor Mavigate Search Project Xilinx Tools Run Window Help

New Shift+Alt+N > Application Project 0O v g
Open File... SPM Project
Close Ctrt W Board Support Package

Close All Shift+Ctriew T Lolect

Source Folder et Ferrr ¢

5.2.2. Name the new application “lab7”. Set the OS Platform to “linux”. Press next.

5.2.3. Select the Linux Empty Application Template. Press Finish.

5.2.4. Right click on the myapp/src/ folder and select Import.

5.2.5. Import the lab7.c file (download from e-class).

5.2.6. Ensure the .elf file has been compiled and placed in the Debug folder of your
application.
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Setup communication between Zedboard and PC Step 6

6.1.
6.1.1.

Configure Host (PC) for Wired Ethernet Connection with Zedboard
Open the Network Settings on the Workstation.
Create a Wired profile with the following settings.

Identity -> Mac Address Select the p4p2 device from the drop Down menu

Wired

Details
MName | pdp2

Security

MAC Address | C8:1F:66:1E:31:1D (p4p2) >
IPv4 |

Pv6 Cloned Address | |

Reset .
MTU | automatic +

Firewall Zone | Default >

Connect automatically

1 Make available to other users

Cancel Apply

IPv4 ->

Addresses set to Manual
Address = 192.168.33.1
Netmask = 255.255.0.0

Gateway = 0.0.0.0
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Wired

Security

Identity Addresses Manual >

IPvE Address | 192.168.33.1

Reset
Netmask | 255.255.0.0 ]

Gateway | 0.0.0.0

+

DNS Automatic

=

Server

+

Cancel Apply

6.2. Configure Zedboard for Wired Ethernet Connection
6.2.1. Run the following command on the terminal connected to the Zedboard via

Minicom.

Ifconfig eth0 192.168.33.3

userl @pclos:~

File Edit View Search Terminal Help
root@Avnet -Digilent -ZedBoard-2015 4:~# ifconfig eth® 192.168.33.3f

6.2.2. On your PC open the Places tab and select the “Connect to Server” option.

6.2.3. Type the following command to open the file explorer for the Zedboard in the
/bin directory (many standard commands are stored there, i.e. the echo, cat, Is
commands).

sftp://192.168.33.2/bin

6.2.4. Transfer the compiled lab7.elf file from the SDK application to the Zedboard’s
/bin/ directory.
6.2.5. Next, type the command

lab7.elf

on the terminal connected to the Zedboard via Minicom.
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