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 The Contested and Congested Electromagnetic
Ag enda Battlefield

* Moving from the Whiteboard to Proven Concept

* Open Architectures
« Radar and EW Research
« Communications Research

« Reference Architecture Overview

« How to Recreate the Architecture
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Radar, EW and Communication Design Challenges

ELECTRONICALLY STEERED ARRAY

MULTI-FUNCTION MODES

(0)
@:L? COMMS, EW, and RADAR MODES

ﬁ%E? COGNITIVE/ADAPTIVE MODES

%g] ELECTRONIC PROTECTION

((<4>>) ELECTRONIC ATTACK
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Cognition in RADAR

Standard RADAR System \
Location

System Speed and Tx
Bearing
Background Clutter

Estimation Duplexer

Change Pulse Width
Change Frequency
Change Modulation Type

Cognitive RADAR System

Environmental
Database
Geolocation
System Speed
and Bearing
Temperature

Adaptive
TX

Knowledge Aided

Duplexer
Processors

Adaptive
RX

ni.com Real-Time Sensing




|'I| ni.com
Getting from the Whiteboard to Proven Concept

Software Simulation Hardware Test Bed Tactical System

Environment
Simulation

sTEm = e = BE s 4

~——— —

Develop hardware Validate algorithms Migrate validated
test bed, iterate with against simulator algorithms to
offline processing, and real-world mission hardware,
migrate processing scenarios, iterating perform integration
to hardware as necessary testing/validation

Develop and
simulate algorithms

and system in
software
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RADAR EXAMPLE

Architecting Cognitive RF Sensors
with NI Technologies

Stream to/from

3

NI RF/uw 1/O FPGA Processing RAID

CcPUDSPl App SW
> >

> I
o O o o 06 o e 0 o
S S S

HW-timed Waveform Tx Beamforming Knowledge-aided Compute
Rx Pulse Compression CFAR Machine Learning
STAP
RF/uW front-end Data Streaming CPU/GPU Compute

- NI Technology - Customer Focus




Open Architecture for Radar & EW Research (OARER)

Validated design pattern enables radar/EW researchers struggling to rapidly prototype new concepts to move quickly
from software simulation to hardware demonstration, ultimately turning novel concepts into fielded capability faster

™

— —H

a O
@ oo

Phase-coherent CPU and GPU processing Open-source Documentation
MIMO RF with USRP SDRs for cognitive radar software control and instructions
User Manual,
Server Open-Source Reference Software, GitHub GitHub
—
U : Network Library Examples Setup Debug ‘ | Bill of Materials |
ser Lo el | Interface
Defined SHARING Cards Assemlbly
End e " Interconnect
GPU Diagrams
(PCle Gen 4 ports) Network. Ubuntu 20.04
Interface Driver |System Specifications

SYNCHRONIZED USRP NX2X NETWORK THIRD-PARTY SERVER

B rrou ThRD PaRTY [} NI COTS HARDWARE AND SOFTWARE [ ) DOCUMENTATION AND OPEN-SOURCE SOFTWARE

ni.com
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Multichannel RF
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System Overview

Components

e Built from N320, N321, and
OctoClocks

« A Server to communicate with
all USRPs

 Software on the server

« User Manual has all & =
documentation

Phase coherent MIMO RF CPU and GPU processing Open-source Documentation helps

it SRR D R e — software control get started quickly
User - User Manual,
Defined Server Open-Source Reference Software - GitHub github/docs
RF - -
Front . ; Network | Library | | Examples | | Setup | | Debug | Bill of Materials
S HARIII\-Ig Interface Assembly
Cards Instructions
T .. GPU In[t)(?:;::;rr:‘esct
(PCle Gen 4 ports) Network
. Ubuntu 20.04 ——
Interface Driver System Specifications

SYNCHRONIZED USRP N32X NETWORK THIRD PARTY SERVER
- FROM THIRD PARTY - NI COTS HARDWARE AND SOFTWARE D OARER CUSTOM COMPONENTS
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FEATURE HIGHLIGHTS

USRP N320/N321

3 MHz — 6 GHz range

200-MHz BW per channel

2X2 MIMO

200/245.76/250-MHz sample rates
Preselection filters

Dual SFP+ ports (1 GbE, 10 GbE, Aurora)
QSFP+, RJ45

GPSDO

Ethernet-based sync (White Rabbit)
Stand-alone operation

N320:
Zyngq XC72100-2FFG900I
External LO input ports

N321:
LO Distribution for up to 128x128 MIMO

USRP N320




Connection Overview

* OctoClock
7 TN
« MIMO Loopback // \\
« LO Distribution / . \
. i | PRGN
Control Port Connection o qomw pps ) ” N
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Software

Location & Documentation

https://kb.ettus.com/Multichannel RF Refere https://qgithub.com/EttusResearch/refarch-
nce Architecture multich

REGION: [ EttusResearch [ refarch-multich  pubiic

o O o <> Code () Issues 19 Pullrequests (») Actions [J Projects [ Wiki
Ettus 0o
o ™
O Research ¥ dev ~ ¥ 3 branches © 2tags
OO
An M Brand
@ NI-Jovian removed dpdk
BB .github
Multichannel RF Reference Architecture B cmake/Modules

BB config

Contents [hide]

1 Application Note Number and Authors BB docs

2 Architecture Overview
2.1 Hardware QOverview
2.1.1 Required NI/Ettus Research Hardware



https://kb.ettus.com/Multichannel_RF_Reference_Architecture
https://github.com/EttusResearch/refarch-multich

Using the Software

Example Source Code | DOCU menta’[ion

Multichannel RF Reference Architecture is built u:

e UHD RFNoC Example Source Code— NI reco Overview
following UHD RFNoC examples, located in th.

o rfnoc_radio_loopback.cpp —This exam; BOM
o rfnoc_replay_samples_from_file.cpp -
o rfnoc_rx_to_file.cpp — This example v

e Reference Architecture Example Source Coc: HOW to Wire the SyStem

demonstrate synchronized Tx-Rx operation s:

o Arch_iterative_loopback.cpp —This ex Setup Of USRP
o Arch_multifreq_loopback.cpp —This ex

rfnoc_txrx_loopback.cpp . '

o Arch_rfnoc_txrx_loopback.cpp —This € Setup Of Server

implementation.
o Arch_rfnoc_txrx_loopback_mem.cpp —1 Perform ance measurem entS
multithreaded implementation. |
o Arch_rx_to_mem.cpp —This example dem .
o Arch_txrx_fullduplex.cpp —This exam| Runn|ng the SyStem
o Arch_dynamic_tx.cpp —This example is v
files and/or have different logic in each transr
USRP channel. Each thread can be customized




] File Edit Selection View Go Run Terminal -+-- refarch-multich [SSH: cogrfserver]—VisualStud...I:] Q El | 0s =

n l @ EXPLORER

\/ REFARCH-MULTICH [SSH: COGRFSERVER] D EEO &
.github

cmake
config
docs
examples
lib

tools

NE AN NS ONE NS N N NS

.clang-format

.gitignore

1 CMakelists.txt

R LICENSE.md

README.md Sl All Command Ctrl

$ remove uhd.sh

+

Shift + P

$ setup_script.sh

Ctrl + Shift + F

> OUTLINE loggle Termina Ctrl +

1T S TIMELINE

X SSH: cogrfserver & maint-1.1 <& ®@oAo ®o




The Setup Script

Moving to a one click install

Before

 Dependencies

» Cloning repository

* Finding more Dependencies
* Using Cmake

« Building UHD

e Adding UHD Library

« Enable CPU Performance

* Thread Priority

* Network buffers

After

Run Script



Software Overview

Example Files

Configuration File

il
illi| «—
I!I'hl ‘

==

l

O
RefArch.hpp E
D




) File Edit Selection View Go Run Terminal Help

@ EXPLORER

VvREFARC.. 3 B2 U &
.github

cmake

>

>

>

> config

> docs

> examples

> lib

> tools

= .clang-format
.gitignore

M CMakelists.txt

LICENSE.md

README.md

$ remove_uhd.sh

-]

$ setup_script.sh

> OUTLINE
¥ > TIMELINE
X SSH: cogrfserver ¥ maint-1.1* <& ®oAo ®Wo

Cirl

Ctri

m
w

Cirl

refarch-multich [SSH: cogrfserver] - Visual Studio Code

Shift + P

- Shift +

DS |os

Q



) File Edit Selection View Go

@ EXPLORER

Run Terminal Help

» REFARCH-MULTICH [SSH: COGRFSER... [ B U &

.github
cmake

>

>

>

> config

> docs

> examples

> lib

> tools

= .clang-format
.gitignore

M CMakelists.txt

R LICENSE.md
README.md

$ remove_uhd.sh

$ setup_script.sh

> OUTLINE
> TIMELINE
> SSH: cogrfserver 3-9 maint-1.1*

<

Jovian Wysocki (jovian.wysocki@ni.com) is signed in

®oMAo Wo O CMake: [Debugl: Ready 2R No Kit Selected €% Build

refarch-multich [SSH: cogrfserver] - Visual Studio Code

Ctrl + Shift + P
Ctirl + P

Ctrl + Shift + F
Ctrl +

fan & D A RunCTest

DS |os

Q
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Performance
RX Phase Coherency

« 2GHz
¢ < 1° Resettingthe USRPs

Figure 23. Average Channel-to-Channel Phase Skew between Two Rx Channels on
the Same Device over One Hour, Relative to tg

Average Channel-Channel SKew (°)

720 900 1080 1260 1440 16200 1800 1980 2160 2340 2520 2700 2880 3060 3240 3420 3600
Time (s)

Range, single device | 0.139°

Figure 24. Average Channel-to-Channel Phase Skew between Two Rx Channels on
Separate Devices over One Hour, Relative to tg

Average Channel-Channel SKew (°)

—— Filtered Data I

0 180 360 540 720 900 1080 1260 1440 16200 1800 1980 2160 2340 2520 2700 2880 3060 3240 3420 3600

Time (s)

Range, system | 0.167°
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Performance

TX Phase Coherency

1 GHz
< 0.1° Resettingthe USRPs

Figure 26. Average Channel-to-Channel Phase Skew
between Two Tx Channels on the Same Device over One
Hour, Relative to tg

—— Filtered Data
Data

nnel SKew (°)

Average Channel-Cha

940 172 1410 1649 1880 2110 2334 2555 2782 3026 3273
Time (s)

Range, single device  0.128°

Figure 27. Average Channel-to-Channel Phase Skew
between Two Tx Channels on Separate Devices over One
Hour, Relative to tg

—— Filtered Data
| Data

0 236 472 708 944 1180 1416 1652 1888 2124 2360 2596 2832 3068 3304
Time (s)

Average Channel-Channel SKew (°)
-

Range, system | 0.115°
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Performance
RX/TX Streaming

Actively working to improve
performance with DPDK

Table 5. Streaming to Memory Data Transfer Rate

Streaming Rate
(MSample/s per
Channel)

33.33 32 10
50 16 10
8 10

Number of Measurement
Channels Time (s)

Table 7. Streaming Simultaneously to/from Disk Rate

Streaming Rate
(MSample/s per
Channel)

11.11 32 10
25 16 10
8 10

4 10

Number of Measurement
Channels Time (s)




See the demo on the
Defense Technology
Pavilion at NI
Connect

ni.com




Recreating Architecture

More Information

Ettus KB Multichannel RF
Reference Architecture

Contact us on the Ettus
mailing list. Use MRFRA as
the subject line!
https://lists.ettus.com/list/usrp-
users.lists.ettus.com

Hardware List on GitHub page
in the docs/ folder



https://kb.ettus.com/Multichannel_RF_Reference_Architecture
https://lists.ettus.com/list/usrp-users.lists.ettus.com

