onsemi & XILINX

Application note No. 2: creating an embedded Linux solution and
image application

Embedded Linux solution project objectives
This is the second of three application notes for creating imaging solutions using the 96Boards
onsemi Dual Camera Mezzanine and Ultra96V2.

This project demonstrates how to build the embedded Linux solution by using the 96Boards
onsemi Dual Camera Mezzanine with the Avnet Ultra96V2 board.

The expected outcome of this project is a bootable SD card with the embedded Linux OS. When this
SD card is inserted into the Ultra96 with 96Boards onsemi Dual Camera Mezzanine, it will enable the
capture video and display it on a Display Port Monitor.

Getting started: requirements
The following hardware is required to follow this series of application notes:

Ultra96Vv2

Ultra96V2 power supply

96Boards onsemi Dual Camera Mezzanine
SD card

JTAG / USB adaptor

Display port capable monitor

Mini-display port cable

16 GB SD card

To implement this series of application notes, you need the following Xilinx software installed:

e Vitis 2020.1, includes Vivado 2020.1
e Petalinux 2020.1

e Git

e Terminal application

You'll need a few licenses for this implementation. Bitstreams for the Xilinx ZU3EG device can be
generated license-free as part of the Xilinx Vivado webPACK. However, some of the IP used within
this design requires an additional license. This license is provided with the Ultra96V2 and is marked
“OEM Zynq ZU3 Ultra96 Vivado Design Edition with SDSoC Voucher Pack.” Redeem this license and
install it on the machine you’re using to implement the project. Once it is installed, you can use the
license manager to see the licensed IP, including the On-Screen Display (OSD).

What is PetaLinux?

PetalLinux is a set of build tools that enables us to create an embedded Linux solution for Xilinx
processors (A9, A53, A72 & MicroBlaze) using a x86 Linux host (see Figure 1).
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/home/training/Petalinux/cora_2019vi/project-spec/configs/config - misc/config System Configuration

isc/config System Configuratio
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, <?> for Help, </> for Search. Legend: [*] built-in |
excluded <M> module < > module capable

-§- ZYNQ Configuration

inux Components Selection -——

Auto Config Settings -———>
-*- Subsystem AUTO Hardware Settings

DTG Settings -——>

FPGA Manager --->

u-boot Configuration -
Image Packaging Configuration
Firmware Version Configuration
Yocto Settings --->

< Exit > < Help >

Figure 1. PetaLinux configuration menu

At the highest level, PetaLinux consists of seven commands. These commands are used to create
projects, applications, boot and deploy the embedded Linux OS.

The commands are:

e petalinux-create — This command is used to create projects, apps and modules. When
creating projects, we need to define either a template, which can be zynq, zyngMP or
microblaze. Alternatively, we can define a source with an existing PetalLinux board support
package.

e petalinux-config — This allows configuration of a specific element of the OS e.g. the kernel or
the root file system. This also enables configuration of the OS for a new hardware definition
using the “get-hw-description” option.

e petalinux-build — This command builds the embedded Linux project, a component of the
project or the Yocto e-SDK.

e petalinux-boot — This command enables us to boot the project on our target board using
JTAG or to boot the project in the simulation environment in QEMU.

e petalinux-package — At the end of the project build, we may want to package the project to
create a boot.bin that can be used in conjunction with the Kernel and RootFS to boot the
system. This command can also be used to package the project as a Board Support

Package.

e petalinux-upgrade — This command provides for the upgrading between different versions of
PetaLinux.

e petalinux-util — This command provides several services used in development and
debugging.

Building embedded Linux operating system

1. Change the directory in the project that contains the hardware design created in the first
application note. This is the directory that contains the cloned Avnet HDL and BDF
repositories.

ebv.com



Clone the Avnet PetaLinux directory using the command git clone
https://qithub.com/Avnet/petalinux.qgit

File Edit View Search Terminal Help

adiuvo@Adiuvo:~$ cd hdl_projects/
adiuvo@Adiuvo il cd avnet_imaging/

adiuvo@Adiuvo i ec net_imaging$ git clone https://github.com/Avnet/petalinux.git
Cloning into 'petalinux

remote: Enumerating objects: 113, done.

remote: Counting objects: 100% (113/113), done.

remote: Compressing objects: 100% (59/59), done.

remote: Total 2943 (delta 81), reused 73 (delta 49), pack-reused 2830

Recelving objects: 100% (2943/2943), 6.13 MiB | 4.45 MiB/s, done.

Resolving deltas: 100% (1599/1599), done.

With the repositories cloned, the next step is to ensure we check out the correct branch from
the master. For the bdf repository, we want to work from the master branch. To do this, we cd
into the newly cloned bf folder and execute the command git checkout master
adiuvo@Adiuvo:~/hdl_projects/avnet_imaging$ cd bdf
adiuvo@Adiuvo:~/hdl_projects/avnet_imaging/bdf$ git checkout master
Already on 'master'

Your branch is up-to-date with 'origin/master'.

For the HDL branch, we want to check out the 2020.1 branch. Use the command git check
out 2020.1 again from within the HDL folder.

adiuvo@Adiuvo:~/hdl_projects/avnet_imaging/bdf$ cd ../hdl
adiuvo@Adiuvo:~/hd1l_projects/avnet_imaging/hdl$ git checkout 26020.1
Already on '2020.1'

Your branch is up-to-date with 'origin/2020.1'.

For the petalinux branch, we want to check out the 2020.1 branch. Use the command git
checkout 2020.1 again from within the petalinux folder.

adiuvo@Adiuvo:~/hdl_projects/avnet_imaging/hdl$ cd ../petalinux/
adiuvo@Adiuvo:~/hdl_projects/avnet_imaging/petalinux$ git checkout 26020.1

Branch '2020.1' set up to track remote branch '2020.1' from 'origin'.
Switched to a new branch '2020.1'

The petalinux image will be built using a script. In the petalinux directory, enter the command
Iscripts/make_ultra96v2_dualcam.sh
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File Edit View Search Terminal Help

adiuvo@Adiuvo:~$ cd hdl_projects/

adiuvo@Adiuvo:~/hd1l_proje S cd avnet_imaging/

adiuvo@Adiuvo:~/hd1l_proje >t_imaging$ git clone https://github.com/Avnet/petalinux.git
Cloning into 'petalinux'...

: Enumerating objects: 113, done.

: Counting objects: 100% (113/113), done.

: Compressing objects: 100% (59/59), done.

: Total 2943 (delta 81), reused 73 (delta 49), pack-reused 2830
Receiving objects: 100% (2943/2943), 6.13 MiB | 4.45 MiB/s, done.
Resolving deltas: 100% (1599/1599), done.
adiuvo@Adiuvo:~/hd1_proje _imaging$ cd bdf
adiuvo@Adiuvo:~/hd1l_proj et_imaging/bdf$ git checkout master
Already on 'master’

[Your branch is up-to-date with 'origin/master'.

adiuvo@Adiuvo:~/hd1l_proj i ing/bdf$ cd ../hdl

adiuvo@Adiuvo:~/hd1l_proj et_imaging/hdlS git checkout 2620.1

Already on '2020.1'

lYour branch is up-to-date with 'o 1g\n/2020 1'

adiuvo@Adiuvo:~/hd1l_proj et_1i g de cd ../petalinux/

adiuvo@Adiuvo:~/hdl_proj net_imaging/petalinux$ git checkout 2020 1

Branch '2020.1' set up to track remote branch '2020.1' from 'origin'

Switched to a new branch '2020.1'

adiuvo@Adiuvo:~/hd1l_proje 2t_imaging/p linux$ ./scripts/make_ultra96v2_dualcam.sh I

7. Depending on the capabilities of the development machine, the creation of the petalinux
image may take some time.

File Edit View Search Terminal Help

0x00000000 0x0054F89B Feb 11 13:46:12 2021 ./images/linux/system.bit
P Infos, © Warnings, © Critical Warnings and © Errors encountered.
rite_cfgmem completed successfully
INFO: [Common 17-206] Exiting Vivado at Thu Feb 11 16:11:02 2021...
INFO: Cleaning pre-built folder
INFO: Updating software prebuilt
: Installing software images
: Pre-built directory is updated.
/home /adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultrad6v2_dualcam_2020_1
INFO: Target BSP "/home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultrag96v2_dualcam_20206_1.bsp" will contain the follo
projects
: PetaLinux project: /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1
: sourcing build environment
Copying /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1/config.project
Copying /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_20206_1/.petalinux
Copying /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1/.gitignore
Copying /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1/pre-built
Copying /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1/project-spec
Copying /home/adiuvo/hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1/components
: Copying hardware project /home/adiuvo/hdl_projects/avnet_imaging/hdl/Projects/ultra96v2_dualcam/ULTRA96V2_2020_1
: Creating BSP
: Generating package ultra96v2_dualcam_20206_1.bsp...
: BSP is ready
adiuvo@Adiuvo: i r t et t ux$ l

8. Once the script completes, we now have all the necessary elements to load onto a SD card.
The next stage is to format the SD card so that it is correctly formatted to hold the embedded
Linux OS.

Creating the SD card

1. Insert the SD card into your development machine. Run the command Is /dev/sd* and this will
list the SD card. Note that your SD card may show a different ID number than what is
demonstrated here, so please be careful as incorrect identification could damage your wider
system.

File Edit View Search Terminal Help
adiuvo@Adiuvo:~$ 1ls /dev/sd*

Jdev/sda [dev/sdal [dev/sda2
adiuvo@Adiuvo:~$S

2. Unmount the partitions using the umount command umount /dev/sda1 umount /dev/sdaZ2 .
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File Edit View Search Terminal Help

adiuvo@Adiuvo:~$S 1ls /dev/sd*
Jdev/sda [Jdev/sdal [dev/sda2

adiuvo@Adiuvo:~S umount /dev/sdal
adiuvo@Adiuvo:~S umount /dev/sda2
adiuvo@Adiuvo:~S

Run the command sudo fdisk /dev/sda and this will start fdisk. Press p to view the current

partitions (if any on the SD card).

File Edit View Search Terminal Help

Jdev/sda [dev/sdal [dev/sda2
adiuvo@Adiuvo:~$ umount /dev/sdal
adiuvo@Adiuvo:~$ umount /dev/sda2
adiuvo@Adiuvo:~$ sudo fdisk /dev/sda
[sudo] password for adiuvo:

Changes will remain in memory only, until you decide to write them.
Be careful before using the write command.

Command (m for help): p

Disk /dev/sda: 14.9 GiB, 16022241280 bytes, 31293440 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I1/0 size (minimum/optimal): 512 bytes / 512 bytes

Disklabel type: dos

Disk identifier: 0xe5955884

Device Boot Start End Sectors Size Id Type
/dev/sdal * 2048 206847 204800 100M c W95 FAT32 (LBA)
/dev/sda2 206848 31293439 31086592 14.8G 83 Linux

Command (m for help): I

The next step is to delete any existing partitions. Enter d then 1 to delete partition one, and

then enter d again and the remaining partition will be removed.

EBV Elektronik
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5.

6.

7.

File Edit View Search Terminal Help

Command (m for help): p

Disk /dev/sda: 14.9 GiB, 16022241280 bytes, 31293440 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I/0 size (minimum/optimal): 512 bytes / 512 bytes

Disklabel type: dos

Disk identifier: Oxe5955884

Device Boot Start End Sectors Size Id Type
/dev/sdal * 2048 206847 204800 106M c W95 FAT32 (LBA)
/dev/sda2 206848 31293439 31086592 14.8G 83 Linux

Command (m for help): d
Partition number (1,2, default 2): 1

Partition 1 has been deleted.
Command (m for help): d

Selected partition 2
Partition 2 has been deleted.

Command (m for help): I

To create a new partition, enter p then 1, followed by 2048 and final +1G to create a 1GB
partition. This will become the boot partition.

Command (m for help): n
Partition type
) primary (0 primary, 0 extended, 4 free)
- extended (container for logical partitions)
Select (default p): p
Partition number (1-4, default 1): 1
First sector (2048-31293439, default 2048): 2048
Last sector, +sectors or +size{K,M,G,T,P} (2048-31293439, default 31293439): +1G

To make this partition bootable, enter the command a.

Command (m for help): a
Selected partition 1
The bootable flag on partition 1 is enabled now.

command (m for help): |}

To create the second partition, enter the command n, followed by 2, then press enter twice to
use the remaining space on the SD card.



8.

10.

11.

Command (m for help): n
Partition type
p primary (1 primary, 0 extended, 3 free)
- extended (container for logical partitions)
Select (default p): p
Partition number (2-4, default 2): 2

First sector (2099200-31293439, default 2099200):
Last sector, +sectors or +size{K,M,G,T,P} (2099200-31293439, default 31293439):

Created a new partition 2 of type 'Linux' and of size 13.9 GiB.

Command (m for help):

Pressing p again shows the newly created partitions.

Command (m for help): p

Disk /dev/sda: 14.9 GiB, 16022241280 bytes, 31293440 sectors
Units: sectors of 1 * 512 = 512 bytes

Sector size (logical/physical): 512 bytes / 512 bytes

I/0 size (minimum/optimal): 512 bytes / 512 bytes

Disklabel type: dos

Disk identifier: 0xe5955884

Device Boot Start End Sectors Size Id Type
/dev/sdal * 2048 2099199 2097152 1G 83 Linux
/dev/sda2 2099200 31293439 29194240 13.9G 83 Linux

Filesystem/RAID signature on partition 1 will be wiped.

Command (m for help): I

Finally, enter the w command to write the partitions to the SD card.

Command (m for help): w

The partition table has been altered.
Calling ioctl() to re-read partition table.
Synching disks.

With the partitions created, the next step is to format the two partitions correctly. To configure
the first partition, enter the command sudo mkfs.vfat -F 32 -n boot /dev/sda1. This formats the
partition as FAT32 with the name of boot.

adiuvo@Adiuvo:~$ sudo mkfs.vfat -F 32 -n boot /dev/sda1l
mkfs.fat 4.1 (2017-01-24)

mkfs.fat: warning - lowercase labels might not work properly with DOS or Windows
adiuvo@Adiuvo:~$S l

For the second partition, enter the command sudo mkfs.ext4 -L root /dev/sda2. This will
format the second partition as EXT4 and name it root.

EBV Elektronik
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12.

13.

14.

15.

adiuvo@Adiuvo:~$ sudo mkfs.ext4 -L root /dev/sda2

mke2fs 1.44.1 (24-Mar-2018)

Creating filesystem with 3649280 4k blocks and 913920 inodes
Filesystem UUID: 3e0696e2-5245-440f-93a5-7dd20abe205a
Superblock backups stored on blocks:

32768, 98304, 163840, 229376, 294912, 819200, 884736, 1605632, 2654208

Allocating group tables: done

Writing inode tables: done

Creating journal (16384 blocks): done

Writing superblocks and filesystem accounting information: done

Now we are ready to write the generated files to the SD card change directory into the
petalinux/projects/ultra96v2_dualcam_2020_1 directory. Enter the following commands to
write the boot.bin, SCR and Linux image to the boot partition.

cp ./images/linux/BOOT.BIN /media/<user name>/UID of FAT32 partition>/.
cp ./images/linux/boot.scr /media/<user name>/<UUID of FAT32 patrtition>/.
cp ./images/linux/image.ub /media/<user name>/<UUID of FAT32 patrtition>/.

adiuvo@Adiuvo:~$ cd hdl_projects/avnet_imaging/petalinux/projects/ultra96v2_dualcam_2020_1/

adiuvo@Adiuvo:~/hd1l_projects/avnet petali r ts/ultrads6v2_dual 2020_1$ cp ./images/1linux/BOOT.BIN /media/adiuvo/boo
adiuvo@Adiuvo: alcar 1S cp ./images/linux/boot.scr /media/adiuvo/boo
adiuvo@Adiuvo: 1 1$ cp ./images/linux/image.ub /media/adiuvo/boo

To write the root file system to the root partition, we need to enter the command sudo tar xvf
J/images/linux/rootfs.tar.gz -C /media//<user name>/<UUID of ext4 partition>/ .

adiuvo@Adiuvo: dl_project vnet_1i g/pet x/pr cts/ultrage L 1S sudo tar xvf ./images/linux/rootfs.tar.gz -C /media/adiuvo/root/

-/

. /etc/

. /etc/tmpfiles.d/

. /etc/tmpfiles.d/dnf.conf
. /etc/avahi/

. /etc/avahi/hosts

. /etc/avahi/services/

. /Jetc/avahi/services/sftp-ssh.service
. /etc/avahi/services/ssh.service
tc/avahi/avahi-daemon.conf

. Rtc/mke2fs.conf

. /etc/ssh/

. /etc/ssh/sshd_config_readonly
. /etc/ssh/sshd_config

. /etc/ssh/ssh_config

. /etc/ssh/moduli

. /etc/rpcbind.conf

. /etc/sudoers.dist

. /etc/modprobe.d/

. /etc/fonts/

. Jetc/fonts/conf.d/

. /etc/fonts/conf.d/40-nonlatin.conf

The final command to run is sudo sync.

./var/1lib/dbus/
./var/log
./var/run
./var/volatile/

. /var/lock
adiuvo@Adiuvo: i1_projects/avnet_imagi petalinux/projects/ultradév? « 2020_1$
adiuvo@Adiuvo: j1_projects/avnet_1imagi pet i x/projects/ultrasév: C 20_1$ sudo sync

Safely eject the SD card.



Booting embedded Linux image

1.  With the Ultra96V2 powered off, insert the SD card, connect the USB Uart breakout and

power on the board. Connect the Mini Display Port connector to the display.

i

D

ON Semiconductor®

i)

Q.
=
sm. T

2. Open a terminal window with settings of 15200n1 and you will see the Linux terminal and the
dmsg output as the embedded Linux OS boots.
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T COM20 - Tera Term V

File Edit Setup Control Window Help

®ilinw Zynq HP First Stage Boot Loader
Release 2020.1 Feb 11 202 14: Uh 45
HOTICE: ATF running on | fsilicon
NOTICE: BL31: we. Lllulun>uJ:v1.l
HOTICE: BL31: Built : 14:02:03,

2020.01 (Feb 11 2021 - 14:13:35 +0000)

: Avnet Ultra9 Revl
: Wiling ZyngHP
2 GiB
vl.1
EL2
: zZuseq
0 HiB
nncBf£160000: 0, nnclff170000: 1
serial@ff010000
serial@ff010000
rial@f£010000
00 a: S0_HODE
Reset reason:  EXTERNAL
ot:  MNo ethernet found.
it any key to stop autoboot: O
suitch to partitions #0, OK
nnrﬂ is curvent device

3C annmq HAC

cript
-Uquu butu read in 615 ns (12.9 HiB/s)
s Lnadlnq kernel fron FIT In:qn at 10000000 .
Using runfE*u*ten top.dtb” conf igurat ion
TlUlnq "kernell1’ kernel subinage
Description: Linux kernel
Type: Kernel Inage
Conpression: gzip conpressed
Data S - Dylﬂﬂﬂﬂﬂf4
Data Size: i
Architecture: HHlfhh4
0S: L inux
Load Address: Ox00080000
Entry Point: 0x00080000
Hash algo:  sha2S6
Hash value: e74de3%9%c45bf169b9212ch762f dd1a93c88dc22e8f 3d28dcad38ebeall

3. Once the Embedded Linux OS has finished booting at the command prompt, enter
run_1920_1080
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. COM20 - Tera Term VT

File Edit Setup Control Window Help

: Invalid :uqunent
$ ¢ ﬁ'ﬂ”ﬂ“ﬂ“ Y nlullgu plane 38
Bett ing p1DVILNw to PAUSED .
RROR: Pipeline d
RROR: fron elenent /GstPipeline:pipelinel/GstKHSS ink:knssink(
‘ddltlnnil dnbu

ink.c(1102): gst_kns_sink_start ():
ott ings lnnf10U|:t1nu

uant to pause. )
: Could not get al

/GstPipeline:pip

0: line 20: kill:
20-1:"# [ 176, 41“1411!

0 EUIh process
uitching to colour frame buffe
w1nxdrnfb frane buff

zyngnp-display fd4a0000. *unqnp display: fbl:

Jov2-2020-1:"#
root Bult ra96v2-2020-1:"# vrun_1920_1080
R91

sett ing node 1920x1080-60.00HzPRG16 on connectors 42, cric 40
est ing 1920x10800%UW overlay plane 38

bett ing pipeline to PRUSED ...
lpvllnv is live and does

/b3 1p~11nu DLQUILNH

EROLL ...
inkD: display-width = 1920
ink0: display-height = 1080

'1pellne:p1pellne
'ipeline:pipeline
'ipeline:pipel inel

An output from the two image sensors should now appear on the display running 1080P
60Hz.
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IMAGE TO BE REPLACED

Conclusion

This project demonstrates how to quickly and easily leverage the Avnet Petalinux build scripts to
create an embedded visions platform using embedded Linux. The embedded vision pipeline is based
upon V4Linux package and GStreamer. This embedded Linux application is built upon the hardware
created in the first application note.
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Phone: +39 011 26256 90
Fax: +39 011 26256 91

IRELAND

Fitzwilliam Hall
Fitzwilliam Place
Dublin 2

D02 7292

Phone: +353 14097 802
Fax:  +35314568 544

NETHERLANDS
Zonnebaan 9

3542 EA Utrecht
Phone: +31 346 5830 10
Fax: +31 346 5830 25

NORWAY

181 Oslo
Brannfjellveien 1
Phone: +47 22 6717 80
Fax:  +47 22 6717 89

POLAND

80-838 Gdansk

Targ Rybny 11/12
Phone: +48 58 30781 00

P02-676 Warszawa
Postepu 14
Phone: + 48 22 209 88 05

50-062 Wroclaw

Pl. Solny 16

Phone: +48 71 34229 44
Fax:  +48 713422910

PORTUGAL

4400-676 Vila Nova de Gaia Unipessoal
LDA / Edificio Tower Plaza

Rotunda Eng. Edgar Cardoso, 23 - 14°G
Phone: +351 22 092026 0

Fax: +351 22 092026 1

ROMANIA

020334 Bucharest

4C Gara Herastrau Street

Building B, 2nd Floor - 2nd District
Phone: +40 2152816 12

Fax:  +40 2152816 01

RUSSIA

620028 Ekaterinburg
Tatischeva Street 49A
Phone: +7 343 31140 4
Fax:  +7 343 31140 46

127486 Moscow
Korovinskoye Shosse 10,
Build 2, Off. 28

Phone: +7 495 730317 O
Fax: +7 4957303171

197374 St. Petersburg

Atlantic City, Savushkina str 126,
lit B, premises59-H, office 17-2
Phone: +7 812 635706 3

Fax:  +7 812 635706 4

SERBIA

11070 Novi Beograd
Milentija Popovica 5B
Phone: +381 11 40499 01
Fax: +38111 40499 00

SLOVAKIA

82109 Bratislava

Turcianska 2 Green Point Offices
Phone: +4212 321114 1

Fax: +4212 3211114 0

SLOVENIA

1000 Ljubljana
Dunajska cesta 167
Phone: +386 15609 778
Fax:  +38615609 877

SOUTH AFRICA

7700 Rondebosch, Cape Town
Belmont Office Park, Belmont Road
st Floor, Unit 0030

Phone: +27 21 402194 0

Fax: +27 21 4196256

3629 Westville

Forest Square,l Derby Place
Suite 4, Bauhinia Building
Phone: +27 3127926 00

Fax: +27 3127926 24

2128 Rivonia, Sandton
Johannesburg

33 Riley Road

Pinewood Office Park
Building 13, Ground Floor
Phone: +27 11 23619 00
Fax: +27 1123619 13

SPAIN

08014 Barcelona

c/Tarragona 149 - 157 Planta 19 1°
Phone: +34 93 47332 00

Fax:  +34 93 47363 89

39005 Santander (Cantabria)
Racing n° 5 bajo

Phone: +34 94 22367 55
Phone: +34 94 23745 81

28760 Tres Cantos (Madrid)
c/Ronda de Poniente 14 - 22 planta
Phone: +34 91 80432 56

Fax: +34 9180441 03

SWEDEN

16440 Kista

Isafjordsgatan 32B, Floor 6
Phone: +46 859 47023 O
Fax: +46 859 47023 1

SWITZERLAND

8953 Dietikon
Bernstrasse 394
Phone: +41 44 74561 61
Fax: +41 44 74561 00

TURKEY

06520 Ankara

Armada Is Merkezi
Eskisehir Yolu No: 6, Kat: 14
Ofis No: 1406, Sogutozu
Phone: +90 312 2956 361
Fax:  +90 216 5288311

34774 Umraniye / Istanbul
Tatlisu Mahallesi Pakdil Sokak 7
Phone: +90 216 528831 0

Fax: +90 216 5288311

35580 Izmir

Folkart Towers

Manas Blv. No 39 B Blok
Kat: 31 Ofis: 3121

Phone: +90 232 390 9196
Fax: +90 216 5288311

UKRAINE

03040 Kiev

Vasilovskaya str. 14

off. 422-423

Phone: +380 44 496222 6
Fax: +380 44 4962227

UNITED KINGDOM
Maidenhead (South)
Berkshire, SL6 7RJ

2, The Switchback
Gardner Road

Phone: +44 16 28778556
Fax: +44 16 28783811

Manchester (North)

M22 5WB

Manchester International Office Centre
Suite 3E (MIOC) Styal Road

Phone: +44 16 149934 34

Fax: +4416 149934 74
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