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Introduction 
This document describes a Zynq UltraScale+ embedded system design implemented and tested on the 
Avnet UltraZed-EG Starter Kit and running the PetaLinux operating system with integrated software 
applications and kernel modules. 
  
The Zynq UltraScale+ hardware development for this example design was performed with Xilinx 
PetaLinux and Vivado v2016.2 tools.  Source files for the hardware and software platforms of this 
embedded system are provided in the Avnet software and HDL git repositories.   

UltraZed-EG Starter Kit Overview 
The UltraZed-EG™ Starter Kit from Avnet provides engineers with everything needed to develop  
edge-to-cloud Internet-connected solutions which need to connect to cloud computing services such as 
IBM Watson. The kit is based on Avnet’s UltraZed-EG System-on-Module (SOM) with a Xilinx Zynq® 
UltraScale+ ™ MPSoC. Several Pmod™ compatible expansion ports and an Arduino shield interface are 
also provided allowing for further connection of several low-cost sensor modules. 
 
The versatility of this platform offers an excellent prototyping or proof-of-concept vehicle for your new 
product. Once you are finished prototyping your new product design and are ready to go into 
production, most of the components found on this platform can be purchased directly from Avnet.  
Indeed, the UltraZed-EG SOM is a great way to integrate a complete Zynq UltraScale+ solution into your 
product without worrying about the design complexities of designing your own chip-down system.  
Please contact your local Avnet FAE for further details. 
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Design Overview 
The UltraZed I/O Carrier Card allows the UltraZed-EG System-on-Module (SOM) to connect to a variety 
of Pmod compatible expansion modules and Arduino “shields”. This example design uses the following 
sensors: 

 Maxim Integrated MAX31855PMB1 thermocouple temperature sensing module. 

 Maxim Integrated MAX44000PMB1 proximity sensing module. 

 ST Microelectronics MEMS Inertial and Environmental Nucleo Expansion Shield (X-NUCLEO-IKS01A1). 
 

 

 

 

 
 

 
 
These Pmods can easily be connected to the Programmable Logic of the Xilinx Zynq UltraScale+  
MPSoC found on the UltraZed-EG SOM. Since the Processing System (PS) and Programmable Logic (PL) 
are asynchronous to each other, an AXI interconnect is used to connect the I2C and SPI IP cores to the 
shield and Pmods. This IP allows the IP cores to capture sensor data from the sensors while the ARM 
cores are able to perform other important functions. 
 

ZynqMP 
Processing 

System

Programmable Logic

AXI Lite AXI I2C IP

AXI

Sensor Pmod

AXI QSPI IP Sensor Pmod

AXI I2C IP Sensor Shield
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Objectives 
This tutorial is a guide for how to:  

 Configure and build the Zynq UltraScale+ MPSoC PS and PL for the UltraZed-EG Starter Kit 

 Configure and build the PetaLinux BSP for the UltraZed-EG Starter Kit 

 Execute the example design on hardware 

Example Design Requirements 

Software 
The software required to build and execute the example design is: 

 Ubuntu Linux 14.4 LTS 

 (see http://zedboard.org/sites/default/files/design/VirtualBox_Installation_Guide_2016_2.zip for 
instructions) 

 GtkTerm or another serial terminal emulator 

 Git version control manager 

 Cloned Avnet HDL and petalinux git repositories 

 Xilinx Vivado Design Suite 2016.2 

 Xilinx PetaLinux 2016.2 

Hardware 
The hardware required to build and execute the reference design is: 

 PC with at least 5GB RAM available for Xilinx tools  

(https://www.xilinx.com/products/design-tools/vivado/memory.html) 

o 4GB required, but 5GB recommended 

 Avnet UltraZed-EG Starter Kit (AES-ZU3EGES-1-SK-G) 

o Avnet UltraZed-EG SOM (AES-ZU3EGES-1-SOM-G) 

o Avnet UltraZed I/O Carrier Card (AES-ZU-IOCC-G)  

o 8GB microSD card 

o USB cables 

o Cat-5 Ethernet cable 

o 12V AC/DC supply 

 Maxim Integrated Thermocouple Sensor Pmod (MAX31855PMB1) 

 Maxim Integrated Proximity Sensor Pmod (MAX44000PMB1) 

 ST Microelectronics MEMS Inertial and Environmental Nucleo Expansion Shield (X-NUCLEO-IKS01A1) 

o Arduino R3 Stackable Header Kit (https://www.sparkfun.com/products/11417) 

 

  

http://zedboard.org/sites/default/files/design/VirtualBox_Installation_Guide_2016_2.zip
https://www.xilinx.com/products/design-tools/vivado/memory.html
https://www.sparkfun.com/products/11417
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Experiment Setup 

Setting Up the UltraZed-EG Starter Kit Hardware 
Refer to the following figure and perform the following steps to set up the board. 
 

PL Config 
DONE

D2

JTAG 
U18

microSD
J4

USB UART 
J11

12V 
Power

J7

Boot 
Mode 

Switches

Pmod
JA12

Pmod 
JA11

Sensor 
Shield

Ethernet 
J5

 
1. Plug the UltraZed-EG SOM onto the IO Carrier Card via JX1/JX2/JX3 connectors and connect the fan 

to the fan header (JP5) on the IO Carrier Card. 
 

2. Set the UltraZed-EG SOM Boot Mode switch (SW2) (MODE[3:0] = SW2[4:1]) to OFF, OFF, OFF, OFF 
positions (Boot Mode set to JTAG, MODE[3:0] = 0x0). 
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3. Install a jumper on the IO Carrier Card JP1. 
 

4. Connect the USB-JTAG port on the I/O Carrier Card (U18) to a free USB port on a PC. 
 

5. Connect the USB-UART port on the I/O Carrier Card (J11) to a free USB port on a PC. 
 

6. Connect the Ethernet port on the I/O Carrier Card (J5) to an Ethernet router/switch or directly to a PC.    
 

7. Plug the Maxim MAX44000 Pmod into the top row of the JA12 Pmod connector. 
 

8. Plug the Maxim MAX31855 Pmod into the top row of the JA11 Pmod connector.  Plug the 
thermocouple probe wire into the Pmod. 
 

9. Plug the STMicroelectronics X-NUCLEO-IKS01A1 Shield and the extension headers into the CON1-4 
Arduino connectors on the I/O Carrier Card. 
 

10. Connect the 12V power cable, but do not turn on the board yet. 
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PC Setup 

Install the Zynq UltraScale+ ES1 License 
Use the software voucher shipped with the UltraZed-EG Starter Kit to obtain and install the Vivado 
license to unlock the Zynq UltraScale+ ES1 devices. 
 

Install the Vivado Board Definition Files 
A set of Vivado Board Definition Files are provided for the UltraZed-EG Starter Kit in order to automate 
the hardware platform generation. Please unzip the following file: 

<installation>\Vivado_files\AES-ZU3EGES-1-SOM-G-Board_Definition_Files_v2016_2_Release.zip  
To the following folder of the Vivado 2016.2 install directory: 

<Xilinx_install>\Vivado\2016.2\data\boards\board_files 
 

Enable the Zynq UltraScale+ ES1 Devices in Vivado 
 Create a text file called init.tcl and enter the following line: 

enable_beta_device* 

 Save and close the init.tcl file. 

 Place the init.tcl file in the <Xilinx_install>\Vivado\2016.2\scripts folder 
 

Setup the Linux Development Host 
This example design requires the Xilinx Vivado, SDK, and PetaLinux tools be installed and licensed on a 
64-bit Linux host PC.  This can be a 64-bit Linux virtual machine running on a 64-bit Windows host, or a 
native install.  Instructions for creating and configuring the Linux virtual machine and installing the Xilinx 
tools can be found in the VirtualBox and Linux VM Installation Guide v2016.2 document. 
 

  

http://zedboard.org/sites/default/files/design/VirtualBox_Installation_Guide_2016_2.zip
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Set the Xilinx Vivado and PetaLinux Environment Variables 
The Xilinx Vivado and PetaLinux tools all require environment variables to be set before they can be used.  
Follow the instructions below to set these correctly. 
 

Notes 

 Xilinx recommends using the bash command shell for PetaLinux development.  Please set your 
default shell as bash or else there may be issues when building PetaLinux. 

 You must run the settings script each time you open a new terminal window or shell.  The PetaLinux 
SDK and Xilinx tools will not operate correctly otherwise. 

 You must source the Xilinx Vivado settings64.sh script before the PetaLinux settings script.  

 
1. Set the Vivado environment variables. 

a. Navigate to the folder where the Xilinx Vivado tools are installed: 
$ cd /<xilinx_install_path>/Xilinx/Vivado/2016.2 

 
b. Execute the shell script to set the required environment variables: 

$ source settings64.sh 

 
c. Verify they are set correctly 

$ echo $XILINX_VIVADO 

 
 You should see the ‘/<xilinx_install_path>/Xilinx/Vivado/2016.2’ path echoed to your 

command window. 
 

2. Set the PetaLinux environment variables.   
a. Open a command terminal window and navigate to the folder where the PetaLinux SDK is 

installed: 
$ cd /<petalinux_install_path>/petalinux-v2016.2-final 

 
b. Execute the shell script to set the required environment variables: 

$ source settings.sh 

 
c. Verify they are set correctly: 

$ echo $PETALINUX 

 
 You should see the ‘/<petalinux_install_path>/petalinux-v2016.2-final’ path echoed 

to your command window. 
 
3. Do not close this command shell.  It will be used again later. 
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Setup the Ethernet Connection 
Follow the steps below to configure the Ethernet NIC of the development host PC to establish an Ethernet 
connection with the UltraZed-EG Starter Kit. 

PC

Micro 
USB-B

CAT 5 Cable

UltraZed-EG Starter Kit

Zynq 
UltraScale+ 

ZU3EG
MP SoC

DHCP issued IP 

or default 

192.168.1.100

DHCP issued IP

RJ45

USB Cable

Ethernet router 

(DHCP server)

 
 

1. If you choose to connect the UltraZed-EG Starter Kit directly to the host PC and are not running a 
DHCP server you will need to manually configure the IP address of the host PC and development 
board.  The suggested IP addresses in the table below. 
 

 Host PC UltraZed-EG Starter Kit 

Suggested IP address 192.168.1.100 192.168.1.50 

Subnet mask 255.255.255.0 255.255.255.0 

 
2. If you choose to connect the UltraZed-EG Starter Kit directly to the host PC and your PC has a 1000 

Mbps capable NIC, you may have to manually set the line rate for the Ethernet interface on the host 
PC.  Gigabit Ethernet does not always auto-negotiate with a direct connection between the 
development board and host PC. 
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Setup the TFPT Server 
The u-boot bootloader requires a TFTP server to be running on the Linux development host in order to 
download the PetaLinux kernel image to the UltraZed SOM target board for testing.   
 
1. Open a command window. 

 
2. Follow the instructions in the PetaLinux Installation Guide to install the TFTP server for the Linux 

distro running on your development host (Ubuntu/Debian, CentOS/RHEL, etc.).  You will find this in 
the section ‘PetaLinux Tools Installation Requirements’. 
 

3. Create a directory in the root of your Linux host where the PetaLinux build files will be copied.  By 
default this is ‘/tftpboot’.  You will need to be ‘root’ user to create this directory.  Also be sure to 
give this directory full access permissions for all users: 

 
# chmod 777 /tftpboot 

 
4. By default the TFTP server is disabled.  To enable the TFTP server, edit /etc/xinetd.d/tftp file as the 

‘root’ user, replacing the word ‘yes’ on the ‘disable’ line with the word ‘no’.  Also verify the 
‘/tftpboot’ directory is specified on the ‘server_args’ line.  Save the file and exit the editor. 

 

 
 

  

http://www.xilinx.com/support/documentation/sw_manuals/xilinx2016_2/ug1144-petalinux-tools-reference-guide.pdf
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5. If your system is running a desktop Linux distribution such as Red Hat or CentOS Linux, which starts 
and stops system processes by using run configuration (rc) scripts, you can simply restart the 
daemon by invoking these scripts in one of the following commands that is appropriate for your 
daemon:  
 
# /etc/init.d/xinetd restart 
# /etc/init.d/inetd restart 

6. This command will stop and then restart all of the services managed by the daemon on your Linux 
system.  In addition to the restart command, you can also issue stop and start commands this way. 

Note:  If your Linux system is running Internet services on which other systems depend, restarting the 
daemon will cause a slight interruption in those services. 

 
7. After executing this command, the TFTP server will be started on your system in response to 

incoming TFTP requests, and you can access any files you copied to /tftpboot. 
 

8. Test the tftp server to make sure it is running: 
a. Place a small text file in /tftpboot: 

$ echo "Hello, embedded world" > /tftpboot/hello.txt 

 
b. Then execute the following commands: 

$ tftp localhost 
tftp> get hello.txt 
tftp> quit  
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Supplied Files 
The following directory structure is included with this reference design: 
 
doc:  Contains the documentation for this reference design. 

UZ3EG_IOCC_Sensors_PetaLinux_PL2016_2.pdf:  This document. 
vivado_files:  Contains the files to add to the Vivado installation. 

AES-ZU3EGES-1-SOM-G-Board_Definition_Files_v2016_2_Release.zip:  Board definition files. 
init.tcl: TCL script to enable Zynq UltraScale+ device targets with ES1 silicon. 

 

Reusable Components 
The tutorial will make use of components that can be reused in your own designs: 

 Bash shell script: automatically build Vivado hardware design and PetaLinux BSP 
o make_uz_iocc_sensor.sh: Builds entire project for UltraZed-EG. 

 TCL script: automatically build Vivado design from source code 
o make_uz_iocc_sensor.tcl: Builds entire project for UltraZed-EG. 

 XDC constraints: Defines pinout and constraints for various carriers 
o uz_iocc_sensor.xdc: Constraints for UltraZed-EG Starter Kit platform 
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Experiment 1: Clone the Avnet HDL Repository 
In this section, the design files for the reference design will be retrieved from the Avnet hdl git repository. 
 
1. Extract the design archive of this tutorial to a folder where you have full read and write permissions 

and at least 12GB of free space.  The path to this folder should not have any spaces in it.  This folder 
is referred to later in this tutorial as the <installation> folder. 
 

2. Using your favorite file explorer, navigate to the folder where the design archive was extracted and 
open a command window. 

  

 
 

3. Clone the Avnet/hdl git repository. 
 

$ git clone https://github.com/Avnet/hdl.git 

 
4. Navigate to the hdl repository folder and checkout the tag for the hardware platform designed to 

work with this tutorial into a new branch. 
 

$ cd hdl 
$ git checkout –b devel_branch \ 
uz_iocc_sensor_UZ3EG_IOCC_20170511_115000 

 
5. You should see the following directory structure: 

 

 
 

  

https://github.com/Avnet/hdl.git
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6. The <installation>/hdl repository contains the following sub-directories: 
 

Directory Content Description 

<installation>/hdl/Boards contains board related files 

<installation>/hdl/IP contains the IP cores used by the ref designs 

<installation>/hdl/Projects contains project related files 

<installation>/hdl/Scripts contains scripts used to automatically build the designs 

 
For the UltraZed-EG Sensors example design, the following content is of interest: 

 

Directory Content Description 

<installation>/hdl/Projects/uz_iocc_sensor Folder containing files for reference design 
on UltraZed-EG Starter Kit 

<installation>/hdl/Scripts/make_uz_iocc_sensor.tcl TCL script to launch the build of the 
reference design for a UltraZed-EG Starter 
target 
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Experiment 2: Build the UltraZed-EG Sensors Vivado Project 
In this section, the design files for the reference design will be retrieved from the Avnet software git 
repository. 
 
1. Navigate back to the <installation> folder and clone the Avnet/software git repository. 

 
$ cd .. 
$ git clone https://github.com/Avnet/software.git 

 
2. Navigate to the software repository folder and checkout the tag for the software platform designed 

to work with this tutorial into a new branch. 
 

$ cd software 
$ git checkout –b devel_branch \ 
uz_iocc_sensor_UZ3EG_IOCC_20170511_115000 

 
3. You should see the following directory structure: 

 

 
 

4. The <installation>/software repository contains the following sub-directories: 
 

Directory Content Description 

<installation>/software/IIoT_Kit contains board related files 

<installation>/software/petalinux/apps contains the linux apps used in various PetaLinux BSPs 

<installation>/software/petalinux/configs contains PetaLinux project related config files 

<installation>/software/petalinux/modules contains kernel modules used in various PetaLinux BSPs 

<installation>/software/petalinux/scripts contains scripts used to automatically build the BSPs 

 
For the UltraZed-EG PetaLinux Sensors example design, the following content is of interest: 

 

Directory Content Description 

<installation>/software/scripts/make_uz_iocc_sensor.sh Bash shell script to launch the build of the 
hardware platform and PetaLinux BSP for 
a UltraZed-EG Starter Kit target 

 
 

https://github.com/Avnet/software.git
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Experiment 3: Build the Vivado Design and PetaLinux BSP 
In this section we examine the build script for this tutorial and use it to build the Zynq UltraScale+ design 
in Vivado and export it for use in the PetaLinux system. 
 
1. Navigate to the <installation>/software/petalinux/scripts folder and use your favorite text editor to 

open the make_uz_iocc_sensor.sh shell script that will build the Vivado hardware platform and 
PetaLinux BSP for this tutorial. 
 

 
 

2. This shell script fully automates the building of the Vivado hardware platform and the PetaLinux 
BSP.  These are tasks that are a bit complicated, time consuming, and difficult to document in a 
tutorial like this.  Still, though, it is very helpful to understand what this script is doing.  There are 
many commands that are run in this shell script, but some of the key commands are described 
below: 
 
a) Scroll to the end of the file and examine the main_make_function() set of commands.  This 

function is responsible for first creating the hardware platform needed for generating the 
PetaLinux BSP.  The following command starts the Vivado tools in batch mode and runs the 
commands in the named TCL file to build the Zynq UltraScale+ MPSoC design. 
 
vivado -mode batch -source make_${HDL_PROJECT_NAME}.tcl 
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b) The next steps are part are part of the create_petalinux_bsp() function.  Once the Zynq 
UltraScale+ MPSoC hardware design has been built in Vivado the next key steps are: 

 Create the PetaLinux project for the zynqMP target 
petalinux-create --type project --template zynqMP --name ${PETALINUX_PROJECT_NAME} 

 

 Import the hardware description 
petalinux-config --oldconfig --get-hw-description=./hw_platform/ -p 
${START_FOLDER}/${PETALINUX_PROJECTS_FOLDER}/${PETALINUX_PROJECT_NAME} 

 

 
c) One of the big time savers this script does is that it automates the adding of the software 

applications, shell scripts, and kernel modules that we want to add to the root file system of the 
PetaLinux system.  Here is one example: 
 

 Create the application and enable it in the PetaLinux project 
petalinux-create --type apps --name demo_setup --enable 

 

 Copy the source files from the repository folder into the PetaLinux project 
cp -rf ${START_FOLDER}/${PETALINUX_APPS_FOLDER}/demo_setup/* \ 
${START_FOLDER}/${PETALINUX_PROJECTS_FOLDER}/${PETALINUX_PROJECT_NAME}/ 
components/apps/demo_setup 
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d) Copy the known-good configuration files for the PetaLinux rootfs, devicetree, and kernel into 
the PetaLinux project.  For example, the rootfs config file: 
 
cp -rf ${START_FOLDER}/${PETALINUX_CONFIGS_FOLDER}/rootfs/config.UZ3EG_IOCC_SENSOR \ 
${START_FOLDER}/${PETALINUX_PROJECTS_FOLDER}/${PETALINUX_PROJECT_NAME}/ 
subsystems/linux/configs/rootfs/config 

 

 
e) Then, finally, clean and build the PetaLinux project.  It is always a good idea to do a clean before 

building the PetaLinux system.  This insures the new build is starting with a clean slate and there 
aren’t any outdated files that might otherwise cause problems during the build process. 
 
petalinux-build -x distclean 
petalinux-build 
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3. Go back to the command window that was opened earlier and navigate to the scripts folder in the 
software repository.  Run the  make_uz_iocc_sensor.sh shell script to build the Vivado design and 
PetaLinux BSP.  Depending on the speed of your PC, this may take about 30 minutes. 

 
$ cd <installation>/software/petalinux/scripts 
$ ./make_uz_iocc_sensor.sh 
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Experiment 4: Examine the UltraZed Hardware Platform 
It is important to understand the Zynq UltraScale+ MPSoC PS and PL hardware platform the Linux OS 
and software applications, etc. will be running on. 
 

1. Launch Vivado either by double-clicking the desktop icon , or from the command 
window. 
 
$ vivado 

 

 
 

2. Open the completed design project by clicking on the uz_iocc_sensor project in the Recent Projects 
list. 
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3. In the Project Summary tab, you can find many high level details about the design such as an 
Implemented Timing Report, Device Utilization Report, and Power Report. 
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4. In the Sources tab, expand the uz_iocc_sensor_wrapper branch of the Design Sources tree to see 
the items under the top level design wrapper. 

 

 
 

5. Double-click the uz_iocc_sensor.bd entry to open the block design for the project 
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6. Explore the block design Diagram tab that is now opened.  Click on the  icon to limit the window 
to show only the interface connections.  This will make the diagram easier to read.  Note that there 
are three major components for this basic design: 

a. Zynq UltraScale+ Processing System (zynq_ultra_ps_e_0) 

b. AXI Interconnect which acts as means to move data between the processor and the peripherals 
in the PL (zynq_ultra_ps_e_0_axi_periph) 

c. AXI peripherals for GPIO, I2C, QSPI, and PWM  

Vivado uses this block design to drive the synthesis and implementation capability of this tool to 
generate a Programmable Logic bitstream file which can be loaded into the FPGA portion of the 
Zynq UltraScale+ device. 

This block design is very customizable and could easily be used as a basis for expansion with other 
sensor modules to fit a particular application. 

 

 
7. Please close Vivado before continuing. 

  

c 

b 
a 



Page 24 

Experiment 5: Boot PetaLinux Using TFTP 
A very useful method to verify that the UltraZed SOM will boot our new PetaLinux system correctly is to 
use JTAG to configure the Zynq UltraScale+ PL, download and execute the FSBL and u-boot bootloader, 
and fetch the kernel image and root file system via the Trivial File Transfer Protocol (TFTP).  This method 
is especially convenient if your u-boot build is stable, but you are still working on your PetaLinux kernel 
development or root file system.  This way, changes to the kernel or root file system can be tested and 
deployed quickly.  Follow the steps below to use the petalinux-boot command to boot PetaLinux on the 
UltraZed-EG using TFTP to ketch the kernel and root file system image. 
 

1. If not already done, connect the UltraZed-EG Starter Kit to the host PC as described earlier in Setting 
Up the UltraZed-EG Starter Kit Hardware.  Turn on the UltraZed-EG Starter Kit.  The power switch 
(SW8) is near the 12V power connector on the I/O Carrier Card. 
 

2. If not already done, follow the instructions to Setup the TFPT Server. 
 

3. Start a serial terminal session and set the serial port parameters to ttyUSB1, 115200 baud rate, no 
parity, 8 bits, 1 stop bit and no flow control. 
 

4. Go to the command window we opened earlier and change directories to the PetaLinux project 
folder: 

 
$ cd <installation>/software/petalinux/projects/uz3eg_iocc_sensor_2016_2 

 
5. Type the following command to configure the Zynq UltraScale+ PL then download and execute the  

u-boot bootloader and PetaLinux kernel: 
 
$ petalinux-boot --jtag --prebuilt 2 
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6. When u-boot starts there is a 2 second delay to allow the user to stop u-boot from automatically 
booting the Linux kernel.  Since we are only booting u-boot and not the Linux kernel and root file 
system you may let the autoboot timer expire.  When u-boot has finished booting you should see 
the following in your serial terminal window. 
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7. The first time U-Boot is run you might see a console message that says “*** Warning - bad CRC, 
using default environment.” Type the following command at the U-Boot prompt to initialize the 
area of flash where the U-Boot environment variables are stored to stop this warning message: 
U-Boot-PetaLinux> saveenv 
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8. The u-boot bootloader will fetch the PetaLinux image over Ethernet from the Linux host using TFTP, 
so we need to configure u-boot with the IP address of the Linux host that is running the TFTP server.  
Run the ifconfig command on the Linux host to identify its IP address. 
 

 
 

9. Set the u-boot serverip environment variable with the host’s IP address.  If the IP address has been 
previously set and saved using saveenv and hasn’t changed, then it won’t be necessary to set it 
again now.  Otherwise, set the serverip now: 
 
U-Boot-PetaLinux> printenv serverip 
U-Boot-PetaLinux> setenv serverip <host_IP_address> 

 
10. Likewise, u-boot also has to be configured with its own IP address.  If the UltraZed-EG Start Kit is 

connected to a LAN with a DHCP server you can use the u-boot dhcp command to fetch an IP 
address.   
 
U-Boot-PetaLinux> dhcp 

 

 
Alternatively if there isn’t a DHCP server, or if the UltraZed-EG Starter Kit is connected via Ethernet 
directly to the Linux host PC, then use the setenv command to manually set an IP address.  Make 
sure to specify an address that is currently unused on your LAN. 
 
U-Boot-PetaLinux> setenv ipaddr <target_IP_address> 
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11. There is a u-boot command macro named netboot that will issue the tftp command to fetch the 
kernel image(image.ub), place it at a set location in DDR4 memory(${netstart}), and issue the boot 
command (bootm) to begin booting the kernel image:   
netboot=tftpboot ${netstart} {kernel_img} && bootm 
 
Enter the command below to execute this boot macro: 
 
U-Boot-PetaLinux> run netboot 

 
You will notice hashtags scroll in the serial console indicating that the kernel is being fetched from 
the tftp server and placed in DDR4 memory.   
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12. Once the kernel boots you will recognize the familiar login screen: 
 

 
13. Login to the kernel with the following credentials: 

User: root 
Password:   root 
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Experiment 6: Boot PetaLinux from the microSD Card 
The image creation process is now complete.  All that remains is to transfer the image files to the boot 
media and power up the board to see PetaLinux in action. 
 
The PetaLinux kernel image, device tree, and root file system are contained in a single file named 
image.ub.  This file was created in the kernel build step in Experiment 3. 
 
The boot image (BOOT.BIN) created by the PetaLinux packager contains the Zynq UltraScale+ FSBL, the 
PL bitstream and u-boot executable.     
 
1. Use your favorite file manager and navigate to the 

<installation>/software/petalinux/projects/uz3eg_iocc_sensor_2016_2/images/linux/ folder.  
Copy the BOOT.BIN and the image.ub files to the top level directory of a FAT or FAT32 formatted 
microSD card.   

 

 
2. Make the cable connections to your target board as described in Setting Up the UltraZed-EG Starter 

Kit Hardware.  If you previously booted PetaLinux using JTAG as described Boot PetaLinux Using 
TFTP you will need to turn off the board, insert the microSD card, and change the boot mode switch 
settings.  Set the UltraZed-EG SOM Boot Mode switch (SW2) (MODE[3:0] = SW2[4:1]) to ON, OFF, 
ON, OFF positions (SD Card, MODE[3:0] = 0xA).   

 
3. Turn on the UltraZed-EG Starter Kit.  The power switch (SW8) is near the 12V power connector on 

the I/O Carrier Card.  
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4. Open your serial terminal window to view the PetaLinux boot messages and login prompt. 
 

 
5. Login to the kernel with the following credentials. 

User: root 
Password:   root 
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Experiment 7: Run the Supplied Software Applications 
Built into the root filesystem are some example software applications to fetch data from the sensors 
attached to the UltraZed-EG Starter Kit.  Some of the applications display the data in the terminal 
window, and others publish the data to the internet via IBM Bluemix using the MQTT protocol.  All of 
these applications can be used as a starting point for further development 
 

Location of Software Sources in the PetaLinux Project 
The software sources for the sensor device drivers, applications, and shell scripts can be found in the 
<installation>/software/petalinux/projects/uz3eg_iocc_sensor_2016_2/components/ folder. 
 

 
 

Application and shell script 
sources, makefiles, etc. 

Device drivers (kernel modules) 
sources, makefiles, etc. 
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Location of Sensors 
The figure below describes the location of the sensors used with the provided software applications. 

LIS3MDL
Magnet
Sensor

HTS221
Temp.
Sensor

LPS25HB
Pressure 
Sensor

MAX44000 
Proximity

Sensor

MAX31855
Temp. 
Sensor
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ST Microelectronics LIS3MDL Magnetometer 
The lis3mdl_sensor software application reads magnetometer data from the ST Microelectronics LIS3MDL 
sensor and displays it in the terminal window.  On the UltraZed-EG Starter Kit, the I2C interface is accessed 
from the application code using the added lis3mdl I2C software driver in the PetaLinux kernel.  
 
1. Open the terminal window and navigate to the /home/root folder.  Run the application and view the 

magnetometer data.  Pick up the UltraZed-EG Starter Kit assembly (be careful with any attached 
cables) and tilt it on the x, y, and z axes and watch the data change in the terminal window. 
 
# cd ~ 
# ./lis3mdl_sensor 

 

 
2. Press <CTRL-C> to stop the application. 
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ST Microelectronics LPS25HB Barometer and Thermometer 
The lps25hb_sensor software application data from the ST Microelectronics LPS25HB sensor. There are 
two sensors in the LPS25HB device, one provides absolute pressure and the other provides ambient 
temperature.  
 
The sample application reads data from both sensors and displays the result on the PC host serial 
console. On the UltraZed-EG Starter Kit, the I2C interface is accessed from the application code using the 
added lps25 I2C software driver in the PetaLinux kernel. 
 
1. Run the application and view the temperature and pressure data. 

 
# ./lps25hb_sensor 
 

 

2. Press <CTRL-C> to stop the application. 
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ST Microelectronics HTS221 Thermometer and Hygrometer 
The hts221_sensor software application reads humidity and temperature data from the ST 
Microelectronics HTS221 sensor. There are two sensors in the HTS221 device, one provides humidity 
and the other provides ambient temperature.  
 
The sample application reads data from both sensors and displays the result on the PC host serial 
terminal. On the UltraZed-EG Starter Kit, the I2C interface is accessed from the application code using 
the added hts221 I2C software driver in the PetaLinux kernel. 
 
1. Run the application and view the temperature and humidity data. 

 
# ./hts221_sensor 
 

 

2. Press <CTRL-C> to stop the application. 
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Maxim MAX44000 Proximity Sensor 
The max44000_sensor software application reads proximity data from the Maxim Integrated MAX44000 
sensor. The sample application reads data from the sensor and uses that data as input to a PWM to view 
the brightness of LEDs on the I/O Carrier Card.  The closer an object is to the proximity sensor, the 
brighter the LEDs will become. 
 
1. Run the application and wave your hand over the sensor to watch the LEDs change brightness. 

 
# ./max44000_sensor 
 

2. Notice that as the light reading from the MAX44000 sensor changes, the LEDs (D7-D14) get brighter 
or dimmer.   
 

 
 

3. Press <CTRL-C> to stop the application. 
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IBM Bluemix Quickstart Demo 
The IIoT_Quickstart_Demo software application reads humidity and temperature data from the ST 
Microelectronics HTS221 sensor, and thermocouple temperature data from the Maxim Integrated 
MAX31855 sensor.   The data is displayed on the PC host serial console and published to the internet via 
IBM Watson IoT Platform. 
 
The application can be run in four different modes to publish data to the IB Watson cloud.  The data can 
then be viewed at the web links shown below.   
 

Application Mode Sensor Data 

0 (default) HTS221 ambient temperature 

1 HTS221 humidity 

2 MAX31855 ambient temperature 

3 MAX31855 thermocouple temperature 

 
The command format is: 
IIoT_Quickstart_Demo <unique_identifier> <mode> 
 
The web link format is: 
https://quickstart.internetofthings.ibmcloud.com/#/device/<unique_identifier> 

 
1. Run the application and view the HTS221 ambient temperature data in the terminal window.   

# ./IIoT_Quickstart_Demo UltraZed_HTS221_Temp 
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2. Open the web link to view a plot of the temperature data. 
https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_HTS221_Temp 

 

 
 
3. Return to the terminal window and press <CTRL-C> to stop the application. 

 
  

https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_HTS221_Temp
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4. Experiment with running the application in the remaining modes.  Press <CTRL-C> to stop the 
application when finished. 
a. HTS221 humidity 

# ./IIoT_Quickstart_Demo UltraZed_HTS221_Hum 1 
https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_HTS221_Hum 

 
b. MAX31855 ambient temperature 

# ./IIoT_Quickstart_Demo UltraZed_MAX31855_Temp 2 
https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_MAX31855_Temp 

 
c. MAX31855 thermocouple temperature.  Hold the end of the thermocouple wire in your 

fingertips or place it near something that is hotter or colder than the ambient temperature.  
Notice the temperature reading change in the terminal window and the web page. 
# ./IIoT_Quickstart_Demo UltraZed_MAX31855_Therm 3 
https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_MAX31855_Therm 

 
5. Feel free to examine the Vivado hardware platform or PetaLinux software applications for how you 

might adapt them to your own designs.  What improvements or changes would you make? 
 

This concludes this design tutorial. 
 

  

https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_HTS221_Hum
https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_MAX31855_Temp
https://quickstart.internetofthings.ibmcloud.com/#/device/UltraZed_MAX31855_Therm
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Appendix I:  Getting Support 

Avnet Support  
 Technical support is offered online through the ultrazed.org website 

support forums. UltraZed-EG Starter Kit users are encouraged to 
participate in the forums and offer help to others when possible.  
http://ultrazed.org/forums/zed-english-forum 
http://ultrazed.org/forums/software-application-development 

 

 For questions regarding the UltraZed-EG community website, please direct 
questions to the ultrazed.org Web Master (webmaster@ultrazed.org). 

 

 To access the most current collateral for the UltraZed-EG Starter Kit, visit the community support 
page (www.ultrazed.org/content/support) and click one of the icons shown below: 
 

  
 

o UltraZed-EG Starter Kit Documentation 
http://ultrazed.org/support/documentation/17596 

 
o UltraZed-EG Starter Kit Reference Designs 

http://ultrazed.org/support/design/17596/131 
 

 Instructions for how to setup the Ubuntu virtual machine if using a Windows host PC  
http://ultrazed.org/sites/default/files/design/VirtualBox_Installation_Guide_2016_2.zip 
 

 
 

  

http://www.ultrazed.org/
http://ultrazed.org/forums/zed-english-forum
http://ultrazed.org/forums/software-application-development
mailto:webmaster@microzed.org
http://www.ultrazed.org/content/support
http://ultrazed.org/support/documentation/17596
http://ultrazed.org/support/design/17596/131
http://ultrazed.org/sites/default/files/design/VirtualBox_Installation_Guide_2016_2.zip
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Xilinx Support  
For questions regarding products within the Product Entitlement Account, send an email message 
to the Customer Service Representative in your region:  

 Canada, USA and South America - isscs_cases@xilinx.com  

 Europe, Middle East, and Africa - eucases@xilinx.com  

 Asia Pacific including Japan - apaccase@xilinx.com  
 

For technical support, including the installation and use of the product license file, contact Xilinx Online 
Technical Support at www.xilinx.com/support. The following assistance resources are also available on 
the website:  
 

 Software, IP and documentation updates  

 Access to technical support Web tools  

 Searchable answer database with over 4,000 solutions  

 User forums  

  

http://www.xilinx.com/support
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Revision History 
Date Version Revision 

25 May 2017  1.0 Initial Release 
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