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VERANO: In-vehicle Radar Networks \/_:R/\N@

Radar Network Demonstrators
e Al based Radar Image Processing

e Radar Image Compression
e OFDM Radar, etc.
Radar Node e Radar Imaging
e Front-end research
Frequency/ Trigger | Frequency/ Trigger Distribution via
Source e Coax cable
e Ethernet with PTP v2.1
Radar Node e Wireless LO distribution

VCXO Technologies (“Dormouse” FMC Card)
e AMD ZUP/RFSoC GTHe4/GTYe4 QPLL
e SiT3521
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A Networked Radar Node \/_:R/\N@
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Embedded Video Streaming

PL | PS
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coax s MIPIESI2 —> Data Processing
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I I I-I_e 2024-04-11 Embedded World Conference 2024



Requirements

Standard Driven

High-Performance: Low-Latency, High-Bandwidth
Synchronized Time Stamping via PTP v2
Interoperable

Remote Operable

Software Driven

Interactive Usage of the System
o Low latency connectivity for the embedded software
o Minimize impact on bandwidth of the main data streams
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Existing Components

e MPSoC ->RFSoC
e Corundum mqnic, PCle NIC -> Embedded NIC
e Network Protocol Accelerator Platform (NPAP)
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AMD MPSoC (CG, EG, EV)
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AMD MPSoC (CG, EG, EV)

r

ARM A53
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Corundum: An Open Source FPGA based NIC

e Network Interface Controller (NIC) connects software to Host

e NIC functionality is evolving
o Line rate increases
o Offload networking functions from CPU to NIC

e More general: in-network compute
o Offload compute to programmable NICs, switches, etc.
o Not limited to network stack NIC
o Application block with full access to all data and resources Application

Open Source, includes Gateware, Driver, etc.
Fine-grained traffic control via 10k+ hardware queues
Provides PTP v2 timestamping and time synchronisation
Wide AMD and Altera device support

Driver
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Corundum: Simplified mgnic Block Diagram
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Network Protocol Accelerator Platform (NPAP)

Implements Ethernet, IP, UDP, TCP Protocol Layers in Logic

Platform- independent HDL code, currently supported platforms include
o AMD 7 series to Versal Platforms
o Altera Stratix 10
o Microchip PolarFire

> 50 Gbps of bandwidth
Provides RTT latencies < 10 us for 10 GbE Link speed
AMD US+ Resource Consumption (UDP + 3 TCP Sessions) ~ 35k LUTSs
BRAM usage mostly depend on bandwidth-delay-product requirements of
the system
Includes licensed technology from Fraunhofer HHI
Maintained and Supported by MLE
[2]
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NPAP Subsystem
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Solution

e Architecture Overview
e Video Solution Architecture
e Solution Platforms
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Solution: Architecture Overview

Corundum Auxiliary Bus

PL:PS
I SSH e Control Script
| Tools ONtrol Scripts
<> o (> Data Stream :
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| User Space
* : Kernel Space
¢ : TCP/IPI...
I
AXI/ I Mqnic driver APP driver
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| -
I
|
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Video Solution: Architecture Overview

MPSoC PL . MPSoC PS
AXI4-L
Corundum * ----------------------------------------------------------------------------------
APP block / wrapper
AXI{-MM >

Ethernet @=T—9> MAC

1 3 1

i+ Video Source

EncapRTP <= =  MIPIRX |
s \  Subsystem |
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Video Solution: Architecture Details (Transmit)

TX Path
APP block / wrapper AXI4-L Status & Control
|
TXTS
= Corundum
Lol Interface

_udp_netperf_npap_wrapper

Corundum
MAC

E- Video Source
Encap RTP [«= = MIPI RX :
TS . Subsystem !

s PHC === mmmmm oo o e e e e e e e
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Solution Platforms
AD-GMSL2ETH-SL
(AMD KRZ@ + A_D"Ca rrjr)

AMD ZCU102

9 -
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Performance Tests
e PTP Synchronization -> PPS Jitter

o Each node provides a PPS output
o Oscilloscope Measurement of the outputs of the nodes
o Digital Phosphor View

e Bandwidth

o Software logs to show the bandwidths
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Performance Test Setup: PTP v2 Timing

e 2xZCU102

e Directly connected, point-to-point
e Linuxrunning PTP4L

e Unloaded Network
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Performance Test Setup: PTP v2 PPS Jitter

S00MSais

e <30 nsrelative PPS Jitter H 100ns (300 pfe. | o rrr~~ | D 0.00000000p
e No global synchronisation to UTC v
e Unloaded network
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Performance Test Setup: Bandwidth

10 GbE Switch ZCU102 DevKit

A

T W

PoEin

ETH/B00T.
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Bandwidth Performance Test Setup: Data Streams

10 GbE Switch MPSoC
V|
o))
M AEEEEEEES
PL | PS
Sensor Data
Processing
. (ON)
NIC (Linux)
1G/ 10G/ 25G
> Network
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Bandwidth Performance Test Setup: Data Streams

PC PS PL
PC 1x TCP
PS 1x TCP
PL 4x TCP

All of these data streams are concurrently active.

missing link electronics

2024-04-11

Embedded World Conference 2024

24



Bandwidth and stability (~1 d runtime)
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Bandwidth and stability (~1 d runtime)

CPU Load PL-> PC PC->PS PS -> PC
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Bandwidth CPU Utilization
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Bandwidth: PL - PC (Sensor Data)
/ZCU102 PC (4x)
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Bandwidth PC -> PS
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Bandwidth PS -> PC (rate limited to ~ 100 Mbps

ZCU102 PC
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Total Bandwidth (TCP Payload Bandwidth)
PC PS PL
RX: ~ 9495 Mbps | RX: 135 Mbps RX: - Mbps
PC _ 135 Mbps _
TX: 135 Mbps (1x TCP)
PS 95 Mbps _ )
TX: 95 Mbps 1x TCP
PL 4x 2350 Mbps ) ]
TX: 9400 Mbps 4x TCP
Switch
2 bridge Bridge 1500 1592 8.2 kbps 8.3 kbps
[ PC 4 tuche-1060014-1 Ethernet 8000 2000 9.9 Gbps 360.4 Mbps
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Conclusion

The described solution shows that it is possible to

e drive a 10 GbE network using an embedded system
e with integrate precision timing and to
e enable interactive use of the embedded operating system

by using a single, high-performance network interface.

I I I-I-e 2024-04-11 Embedded World Conference 2024
missing link electronics

32



Contact;

Ulrich Langenbach

Missing Link Electronics

Industriestral3e 10
89231 Neu-Ulm

www.missinglinkelectronics.com

I I l.I_e 2024-04-11 Embedded World Conference 2024 33


mailto:ulrich.langenbach@missinglinkelectronics.com

References

[1]

[2]

3]

[4]

[5]

[6]
[7]

[8]

Corundum mqnic, A. Forencich, UC San Diego, https://github.com/corundum/corundum
Network Protocol Acceleration Platform - NPAP datasheet, Missing Link Electronics,
https://www.missinglinkelectronics.com/wp-content/uploads/2024/03/MLE NPAP Datasheet fo
r TCP IP Stack-20240311.pdf

Corundum, From a NIC to a Platform for In-Network Compute, FOSDEM 2022, U. Langenbach,
A. Forncich, https://archive.fosdem.org/2022/schedule/event/corundum/

Zynq RFSoC DFE Backgrounder, AMD,
https://www.xilinx.com/content/dam/xilinx/publications/backgrounders/zyng-rfsoc-dfe-backgro
under.pdf

Zynq UltraScale+ MPSoC, AMD,
https://www.xilinx.com/products/silicon-devices/soc/zyng-ultrascale-mpsoc.html

Zynq UltraScale+ RFSoC, AMD, https://www.xilinx.com/products/silicon-devices/soc/rfsoc.html
AD-GMSL2ETH-SL, Analog Devices,
https://wiki.analog.com/resources/eval/user-guides/ad-gmsl|2eth-si

AMD ZCU102, AMD, https://www.Xxilinx.com/products/boards-and-kits/ek-ul1-zcu102-g.html

I I l-I-e 2024-04-11 Embedded World Conference 2024 34

missing link electronics


https://github.com/corundum/corundum
https://www.missinglinkelectronics.com/wp-content/uploads/2024/03/MLE_NPAP_Datasheet_for_TCP_IP_Stack-20240311.pdf
https://www.missinglinkelectronics.com/wp-content/uploads/2024/03/MLE_NPAP_Datasheet_for_TCP_IP_Stack-20240311.pdf
https://archive.fosdem.org/2022/schedule/event/corundum/
https://www.xilinx.com/content/dam/xilinx/publications/backgrounders/zynq-rfsoc-dfe-backgrounder.pdf
https://www.xilinx.com/content/dam/xilinx/publications/backgrounders/zynq-rfsoc-dfe-backgrounder.pdf
https://www.xilinx.com/products/silicon-devices/soc/zynq-ultrascale-mpsoc.html
https://www.xilinx.com/products/silicon-devices/soc/rfsoc.html
https://wiki.analog.com/resources/eval/user-guides/ad-gmsl2eth-sl
https://www.xilinx.com/products/boards-and-kits/ek-u1-zcu102-g.html

References

[9] Light Rabbit, 13th White Rabbit Workshop 2024, Missing Link Electronics,
https://ohwr.org/project/white-rabbit/wikis/uploads/11edb649569e256ae62815615285481a/12
Light Rabbit 1 .pdf
[10] "“VERANO Projekt-Ubersicht" Infineon
https://www.infineon.com/cms/en/product/promopages/VERANO-Projekt/#Projekt-Uebersicht

I I l.I-e 2024-04-11 Embedded World Conference 2024 35

missing link electronics


https://ohwr.org/project/white-rabbit/wikis/uploads/11edb649569e256ae62815615285481a/12_Light_Rabbit__1_.pdf
https://ohwr.org/project/white-rabbit/wikis/uploads/11edb649569e256ae62815615285481a/12_Light_Rabbit__1_.pdf
https://www.infineon.com/cms/en/product/promopages/VERANO-Projekt/#Projekt-Uebersicht

