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I I’lt I'Od u CﬁO n (Ask a Question)

This application note explains how to interface the PolarFire® Ethernet Sensor Bridge (PFESB) board with an
Nvidia® Jetson AGX Orin"" Developer kit, through a 10G Ethernet connection. The board supports Mobile

Industry Processor Interface (MIPI) CSI12° DPHY Rx through an on-board 22-pin connector, as well as High-
Definition Multimedia Interface (HDMI) connectivity.
Additionally, the board is equipped with an FPGA Mezzanine Card (FMC) connector to support Scalable Low-

Voltage Signaling with Embedded Clock (SLVS-EC) and CoaXPress® cameras. It also comes with a Serial Digital
Interface (SDI) and allows high-speed Analog-to-Digital Conversion (ADC) and Digital-to-Analog Conversion
(DAC), through the JESD204B protocol.

The key features of the PFESB board are as follows:

+ Two 4x 1.5 Gbps lane MIPI Rx connections

+ Two 10G SFP+ connector supporting optical and copper cables

+ HDMI 1.4 and USB 2.0 output port

+ 2 GBDDR4 x32

« 125 MB SPI Flash memory for remote FPGA programming

*  FMC connector for interfacing multiple sensors and video inputs

The following figure highlights various components of the PFESB.

Figure 1. Callout Image

10G 10G 12V DC Barrel
User and Power LEDS ~ SFP+(J2) SFP+(J5)J20J18  Jack (J25)

J16

Power On/Off Switch (SW1)
17

14 121

J15
2GB DDR4 x 32

Vita™ HPC FMC
Connector (J1)

22-pin MIPI D-PHY*"/MIPI
CSI-2® Connector (J17)

PolarFire® FPGA ——

MPF200T-FCG784 —— 22-pin MIPI D-PHY/MIPI

CSI-2 Connector (J14)
124

HDMI® 1.4 USB 2.0/USB Type-C®
Connector (J22) UART Connector (J8)



https://www.microchip.com/askaquestion?pub_guid=GUID-EFABAC3A-6C93-405C-B753-131EDF9E1FB7&pub_lang=en-US&pub_ver=3&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-2F879F13-4915-4E27-83B8-EF171E8905CC&cover_title=PolarFire%20Ethernet%20Sensor%20Bridge%20for%20Nvidia%20Jetson%20AGX%20Orin%20Developer%20Kit%20AI%20Applications&tech_support_link=NA&revision_letter=C&source=PDF&title=Introduction
https://microchip.com

The Holoscan Sensor Bridge software on the AGX Developer kit supports various applications such as Al

applications, stereo vision, and so on. The software can also be used for configuring the cameras connected to
the FPGA board and updating the FPGA design file.

The demo shows the following features:

+ Streaming the Video on AGX Developer Kit

* Running Pose Estimation on AGX Developer Kit
* Running Two Cameras with One Ethernet Port

* Running Two Cameras using Two Ethernet Ports
* Latency Measurement
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1. Demo Requirements (s auestion)
The following table lists the hardware and software required for running the demo.

Table 1-1. Demo Requirements
Hardware and Accessories
MPF200-ETH-SENSOR-BRIDGE Kit Contents:
*+  MPF200-ETH-SENSOR-BRIDGE - 1

«  IMX477 camera module - 1
12.3 MP 477M HQ Camera Module for Raspberry Pi
with 135°(D) M12 Wide Angle Lens, SKU: BO466R. To buy
arducam, see www.arducam.com/shop-arducam/.

* SFP+ adapter -1
Part Number: SFP-10G-T-S from Wiitek

* 12V AC adapter - 1

«  MIPI 22 to 22 pin cable - 1
+  USB Type-C cable -1

« Cat7 Ethernet cable -1

NVIDIA AGX Developer kit NVIDIA Jetson AGX Orin Developer kit (64 GB)
Kit Contents:

+ Jetson AGX Orin module with heat sink and reference
carrier board

+ USB-C power adapter and cord

USB mouse and keyboard 1
Display port monitor 1
Ubuntu PC OS version 22.04 or higher
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2. PrereqUiSites (Ask a Question)
Before you start, download the Holoscan Sensor Bridge software onto the AGX Developer kit from:
github.com/nvidia-holoscan/holoscan-sensor-bridge.

(Optional) For PolarFire® FPGA design files, see www.microchip.com/en-us/application-notes/
an5522
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3- LicenSing (Ask a Question)
The following listed are the licensing options:
* Free: Use the preprogrammed job file without making any changes to the design.
« Libero® SoC Design Suite Gold License: Make changes to the design files.

+ Core10GMAC License: Build a design using the encrypted and licensed Core10GMAC.
Note: You need a license to build the Core10GMAC IP.
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4. Functional Description (s auestion)

The demo highlights the capability of the PolarFire® Ethernet Sensor Bridge board to stream 4K
60 fps video from MIPI CSI2 sensor inputs to the Nvidia Jetson Orin AGX Developer kit, through a
10G connection. The PolarFire FPGA's High-speed 10D inputs and the MIPI CSI2 DPHY Rx decoder
IP convert the MIPI CSI2 DPHY Rx serial data into video pixel data. These video pixels are then
converted into a 64-bit AXI stream format, as defined by the Holoscan Sensor Bridge IP, and
subsequently transformed into ethernet packets. A Core10GMAC IP and high-speed transceivers
enable the streaming of these ethernet packets through a 10G SFP+ connection, which the Nvidia
AGX Developer kit receives to execute Al applications.

The PolarFire (PF) system services manage the FPGA reprogramming through the SPI Flash interface,
interfacing with the Holoscan Sensor Bridge through the APB interface. Camera settings are
configured through the 12C interface of the Holoscan Sensor Bridge IP.

The following figure shows the functional block diagram of the PolarFire Ethernet Sensor Bridge
board.

Figure 4-1. Functional Block Diagram
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5. Setting up the Jetson AGX Orin Developer Kit (s« auestion)

This section explains how to set up and upgrade the Holoscan ecosystem. This ecosystem includes
the NVIDIA Holoscan SDK, Jetson AGX Orin Developer Kit, Microchip Holoscan Sensor Bridge Board
and MIPI Edge-Al Reference Design.

To set up the Holoscan ecosystem, perform the following steps:
1. Create an NVIDIA Account and join the Developer Program.

2. Download the SDK Manager.
On a computer running Ubuntu 22.04 or later, download the SDK Manager.

+ Navigate to the "Get Started" section.
+ Follow the steps in the "Download and Install" and "Launch" subsections.

The following figure shows the process of downloading and installing the SDK.

Figure 5-1. Downloading and Installing the SDK
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1. Download the install file for your desired platform:
& .deb ubuntu &, .rpm RHEL/CentOS

2. Run the command for your desired platform:
Ubuntu:
> sudo apt install ./sdkmanager_[version]-[build#]_amd64.deb
RHEL/CentOS:
> RHEL/CentOS 8.2: sudo dnf install ./sdkmanager_ [version]-[build#] .x86_64.rpm

3. After launching the SDK Manager:

- Follow the steps in the "Install Jetson Software with SDK Manager" section of the NVIDIA SDK
Manager User Manual (Step 1 through Step 4).

- Flashing the Jetson AGX Orin Developer Kit takes about 50 minutes.

Figure 5-2. Flashing the Jetson AGX Orin Developer Kit
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4, After flashing is done, connect a monitor, keyboard and mouse to the Jetson AGX Orin Developer
Kit.

5. Power on the device and log in using the username and password credentials set up during Step
3 of the NVIDIA SDK Manager User Manual.

6. Follow the steps in the "Host Setup" subsection of the NVIDIA Holoscan Sensor Bridge User
Manual to download and configure the Docker container, as shown in the following figure.

Figure 5-3. Building the Demo Container

sev@ubuntu: ~/holoscan-sensor-bridge

$ sh docker /build.sh --igpy |

7. After setup, run the software loopback tests. When the tests pass successfully, the setup is
complete. To run the example applications, follow the steps in the "Running Holoscan Sensor
Bridge Examples" section of the NVIDIA Holoscan Sensor Bridge User Manual.

Figure 5-4. Running Software Loopback Tests
[

5.1. Debug and Troubleshooting (askaquestion)

This section of the document addresses common issues you might face when setting up the
Holoscan Development Ecosystem.

Downloading the SDK
If you are unable to install or launch the Holoscan SDK during "Step 2" of the Setting up the Jetson
AGX Orin Developer Kit section, please ensure that you download the Debian file (. deb), as the
PC's operating system should be Ubuntu. The Debian file can be found under the "Get Started" and
"Download and Install" sections on the SDK Manager webpage. Here are some important points to
consider when working with the downloaded file:
+ The downloaded file should be similar to: sdkmanager 2.1.0-11682 amd64.deb
In this case the version number corresponds to 2.1.0 and the build number corresponds to
11682.

*  When running the sudo apt install command, point to the downloaded Debian file with the
appropriate version and build numbers specified.

For example: sudo apt install ./sdkmanager 2.1.0-11682 amdé64.deb
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Detecting the Developer Kit

When preparing to flash the Jetson AGX Orin Developer Kit during "Step 3" of the Setting up the
Jetson AGX Orin Developer Kit section, please follow the steps outlined in the NVIDIA SDK Manager
User Manual. To ensure proper detection of the Developer Kit, make sure that the Ubuntu PC and
the Jetson AGX Orin Developer Kit are connected as specified:

« Ubuntu PC (USB-A or USB-C port) to AGX USB-C Port 10
* Connect Power to AGX USB-C Port 4

Figure 5-5. Jetson AGX Orin Developer Kit Ports

«  When connecting the Developer Kit during "Step 1" of the NVIDIA SDK Manager User Manual,
ensure that "Jetson AGX Orin [64GB Developer Kit Version]" is selected.

+ In"Step 3" of the NVIDIA SDK Manager User Manual, you will be prompted to connect the Jetson
AGX Orin Developer Kit.

- If the Developer Kit is already connected to the Ubuntu PC, disconnect the USB-C cable from
Port 10 on the AGX, then reconnect it.

- Follow the instructions to set the AGX into recovery mode by pressing Button 1 and Button 2.

- Please note that the flashing process can take approximately 30 minutes. You can monitor
the installation progress during this time.
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6- Setting up the MPFZOO'ETH'SENSOR'BRIDGE Kit (Ask a Question)

The MPF200-ETH-SENSOR-BRIDGE comes as a kit, with the following items in the box:
+ MPF200-ETH-SENSOR-BRIDGE

« 12V power adapter

« SFP+to RJ45 converter

+ Ethernet cable

« IMX477 camera along with lens and cable

Ensure that the jumpers are set correctly, as listed in the following table.

Table 6-1. Jumper Settings

14 Short

17 Closed

J18 Close pins 2 and 3

J21 Close pins 2 and 3

J15 Close pins 1 and 2 (3.3V)
J20 Close pins 2 and 3

J16 Close pins2and 3

J24 Close pins 9 and 10 (3.3V)
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7- Board Setup With AGX (Ask a Question)

To set up the camera 0, perform the following steps:
1. Make sure that the MPF200-ETH-SENSOR-BRIDGE board is powered off.

2. Connect the camera to the IMX477 camera module through the J14 MIPI connector, using the 22
pin to 22 pin camera cable, as shown in following figure.

Figure 7-1. Setup of Camera 0

3. Insert SFP+ to RJ45 converter into the SFP cage on J6.

4. Connect the ethernet cable from the SFP+ RJ45 port to the ethernet port on Nvidia Jetson AGX
Orin Developer kit.

5. Connect 12V power adapter to J25 power input port.
To turn on the board, slide the switch SW1 to ON position.
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8. Check Current PFESB Program Version (s aueston)
To find the PFESB program version, execute the following commands:

* xhost+
* sh docker/demo.sh
* hololink hsb ip version

The following figure shows how to find the PFESB program version.

Figure 8-1. Check PFESB Program Version

root@ubuntu: /home /sev/holoscan-sensor-bridge# hololink hsb_ip_version

INFO hololink.cpp:1510 configure hsb tid=0x92 -- HSB IP version=8x2507 datecode=0x0
0x2507
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9- Update HSB Program (Ask a Question)
To update to the latest version, run the following steps (one-time requirement):

1. First, check the current version using the instructions provided in the preceding section. If it
shows version older than 2507, run the following commands inside the demo container:
$ polarfire esb --force flash --fpga-bit-version 2507

$ polarfire esb --force --program

The first command will take up to 50 minutes to complete, and the status will be displayed
during the process.

2. Second, update the eeprom as required for the holoscan-sensor-bridge version 2.3 and above
using the following steps:

a. Download the eeprom_update_2507 file using the following command:
$ ./eeprom update

b. Make sure no container/docker is running before running the EEPROM update.

c. Setthe ip address of the Ethernet port connected to PolarFire sensor bridge board to
192.168.0.103. (One of the ways to do it is using "ifconfig" command)

d. Run the copied binary file in the command prompt.
* $ ./eeprom update 2507
+ It takes about 1 minute to run EEPROM update action.
+ After successful EERPOM update, command line will return to the prompt.

e. If the existing permissions don't allow running the binary, use the following command.
$ ./sudo chmod 777 eeprom update 2507

Note: Ensure this command is executed after exiting the container.
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10.

10.1.

10.2.

10.3.

Running the Demo (asa question)
This section explains how to run the demo using different features.

Streaming the Video on AGX Developer Kit (aska uestion)
To run the high-speed video player with IMX477, using camera 0 setup, perform the following steps:

1. In the new terminal, change the directory to the holoscan-sensor-bridge folder by using the
following command:
cd <PATH/TO/holoscan-sensor-bridge>

2. Run the following commands to run the docker image:
- xhost +

- sh docker/demo.sh

It runs the holoscan-sensor-bridge docker container.

3. Run the high-speed video player Holoviz with live video by executing the following command for
camera 0 setup, use
python examples/linux imx477 player.py

4. Close the Holoviz application.
5. To close the Holoscan docker, enter Exit in the terminal.

Running Pose Estimation on AGX Developer Kit (asa question)

Pose estimation example can be run using camera 0 setup. For running the example, perform the
following steps:

1. In the new terminal, change the directory to the holoscan-sensor-bridge folder by using the
following command:
cd <PATH/TO/holoscan-sensor-bridge>

2. Run the following commands to run the docker image:
- xhost +

- sh docker/demo.sh

It runs the holoscan-sensor-bridge docker container.

3. Follow the Running the body pose example section described in the docs.nvidia.com/holoscan/
sensor-bridge/latest.

4. Run the pose estimation by executing the following command for camera 0 setup, use
python example/linux body pose estimation imx477.py.

5. Close the Holoviz application.
6. To close the Holoscan docker, enter Exit in the terminal.

Running Two Cameras with One Ethernet (asa question)

The PFESB kit comes with one IMX477 camera module. To stream two cameras, connect the second
camera to J17 with first camera connected to J14. To stream two IMX477 cameras using a single
ethernet connection to the AGX port, connect one end of the ethernet cable to the J5 SFP port of the
PFESB, and the other end to the AGX ethernet port. Then, execute the following commands:

* $ xhost +
* $ sh docker/demo.sh

* $ python3 examples/linux single network stereo imx477 player.py
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10.4.

10.5.

Running Two Cameras Using Two Ethernet Ports (asa question)

To stream two IMX477 cameras through two Ethernet ports connected to RDMA-capable ports, first
run the container and then execute the following commands:

* $ xhost +
* $ sh docker/demo.sh
* $ python3 examples/stereo imx477 player.py

Note: The AGX has a single 10G Ethernet connection. To run this demo on AGX, you require a
Network Interface Card (NIC), such as ConnectX®-6 Dx.

Latency Measurement (aska question)

The Latency measurement gives best results when used either with IGX or AGX with a ConnectX NIC.

To get complete latency report of the pipeline using RDMA, execute the following commands:
$ xhost +

$ sh docker/demo.sh

$ python3 examples/imx477 latency.py

After the Holoviz window opens, let it run for a few seconds and then close it. The complete latency
report will be displayed on the terminal.
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11. Appendix: Update PFESB Version using FlashPro Express Software (-
Question)

This section describes how to program the PolarFire device using a . job file included in the design

files, utilizing the FlashPro Express software. The PF_ESB_HSB2507 v2025pl.7job file is available at

the following location: <download folder>\mpf an5522 v2025pl jb.

To program the PolarFire device with the . job file, perform the following steps:

1.

Connect the USB Type-C cable from Host PC to J8 of MPF200-ETH-SENSOR-BRIDGE.
On the Host PC, start the FlashPro Express software from its installation directory.

To create a new job project on the Project menu, click New or New Job Project from FlashPro
Express Job.
In the New Job Project from FlashPro Express Job dialog box, perform the following steps:
- Programming job file: Click Browse, navigate to the location where the
PF ESB HSB2507 v2025pl.job fileislocated, and select the file.

- FlashPro Express job project location: Select Browse and navigate to the location where
you want to save the project.

Click OK. The required programming file is selected and ready to be programmed in the device.

The FlashPro Express window appears.

Verify that a programmer number appears in the Programmer box. If it does not, verify the
board connections and click Refresh/Rescan Programmers.

To program the device, click Run. When the device is programmed successfully, a Run PASSED
status is displayed.

To Close FlashPro Express, click Project > Exit. The PolarFire device is programmed.
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12. Revision History s aueston

The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the current publication.

Table 12-1. Revision History
C 10/2025 The following is the list of changes in revision C of the document:
+ Updated Setting up the Jetson AGX Orin Developer Kit section.

+ Added Licensing, Running Two Cameras Using Two Ethernet Ports and Check Current PFESB Program
Version sections.

+ Updated Appendix: Update PFESB Version using FlashPro Express Software

B 04/2025 The following is the list of changes in revision B of the document:
* Removed the Software section from Table 1-1 in the Demo Requirements section.

- Removed the PolarFire® Ethernet Sensor Bridge kit Programming files details from the Prerequisites
section.

+ Renamed the appendix Programming the Board using FlashPro Express Software to Appendix: Update
PFESB Version using FlashPro Express Software.

A 11/2024 Initial release
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

«  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
+ Fax, from anywhere in the world, 650.318.8044

@ MICROCHIP


http://www.microchip.com/support

Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-2151-2

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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