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Agenda

Introduction to NI (10m)

NI LabVIEW Basic (2h)

Introduction Software Defined Radio and USRP HW Architecture (30m)
Programming USRP with LabVIEW (2h 30m)

USRP Product Selection Guide (30m)

Q&A(30m)
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Expanding Emerson’s Boundless Automation Vision into Test &
Measurement

EMERSON nl

Process & Hybrid Automation | Discrete Automation | Industrial Automation Test & Measurement Automation

[@5}[ Oil & Gas Chemical é Food & Beverage Semiconductor

Ej Packaging Pulp & Paper ﬁ@ Medical 4ﬂ§ Aerospace/Defense

=0 Power Generation Mining, Minerals & Metal @ Electronics Transportation
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NIl is now part of Emerson

The NI Advantage Growth Sectors Product & Applications

Semiconductor Fw] Design & Prototyping
Proven [\

4ﬂ§ Aerospace/Defense TLIH]  Automated Validation
Connected

=, lransportation %’2 Production Test
Modular M =

EEE Energy & Heavy Industry

Future-proof
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Anatomy of a PXI System

Software . /° Timing and Synchronization
Test Management and Code PXI Chassis
Development

/

—e Tnstrumentation
PXI Modules

Computer &———
PXI Embedded Controller
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Advantages of PXI Instrumentation

High Throughput and Low Latency

Software-Defined Functionality
Integrated Timing and Sync

High-Performance Processing

Reduced Size, Weight, and Power
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a My System - Measurement & Automation Explorer
File Edit View Tools Help

~ E My System H 3 Refresh

8 Data Neighborhood

& Devices and Interfaces System Resources

<4 Scales

&1 Software Total Physical Memory 23.9GB

i@ V1 Drivers

& Remote Systems Free Physical Memory 13.7 GB

Total Virtual Memory 274 GB
Free Virtual Memory 154 GB
Primary Disk Capacity 244 GB
Primary Disk Free Space 67.1GB
CPU Model Intel(R) Care(TM) i7-7500U CPU @ 2.70GHz
CPU Cores 2
CPU Logical Processors 4
CPU Total Load 6% | 18% | 12% | 20%
CPU Interrupt Load 6% | 12% | 0% 12%
RIO Service Settings
Status Stopped ~
Startup Type Manual >

[& System Settings & Network Settings
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>% Hide Help

@ Back B

NI Measurement &
Automation Explorer
Measurement & Automation
Explorer (MAX) provides access
to your NI products,

What do you want to do?

Manage my devices and
interfaces

Manage my installed NI
software

Manage virtual channels or
tasks for my devices
Create scales for my virtual
instruments

Configure my IVI instrument
drivers

Import/export my device
configuration file.

Note Some categories
are device specific. For
example, the VI
category appears only if
you have IV installed

For more information about
using MAX, select available help
categories from the Help menu.
If you need further assistance
or want to know more about
your device, visit the NI
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[7] LabVIEW Help ~
7] Getting Started with LabVIEW
@ Finding Example Vls
(7] Glossary
[7] LabVIEW Features and Chang
@ Upgrading to the Latest Versic
@ Activating Your Software
@ LabVIEW Documentation Res
@ Fundamentals
= ([ VI and Function Reference
= m Programming Vs and Fur

@ Application Contral Ve
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LabVIEW™ Help
July 2021, 371361W-01

This help system includes information about LabVIEW programming concepts, step-by-step
instructions for using LabVIEW, and reference information about LabVIEW VIs, functions,
palettes, menus, and tools.

To navigate this help system, use the Contents, Index, and Search tabs to the left of this
window.

After you install a LabVIEW add-on such as a toolkit, module, or driver, the documentation
for that add-on appears in the LabVIEW Help or appears in a separate help system you
access by selecting Help»Add-0n Help, where Add-0On Help i= the name of the separate
help system for the add-on.

This help system links to Portable Document Format (PDF) versions of LabVIEW print
documents. You must have Adobe Reader 7.0 or later installed to view or search the PDF
versions of these manuals. Refer to the Adobe Svstems Incorporated website to download
Adobe Reader.

5

For more information about this help system, refer to the following topics:

Note (mac0S) NI recommends that you use Safari 6.0 or later or Firefox 10.0
or later to view the LabVIEW Help. (Linux) NI recommends that yvou use Firefox
10.0 or later to view the LabVIEW Help.

LabWIEW Documentation Resources

Glossary
NI Services
© 2005-2021 National Instruments Corporation. All rights reserved.

Refer to the <Naticnal Instruments>\_Legal Informaticn directory for information
about NI copyright, patents, trademarks, warranties, product warnings, and export
compliance.
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m NI Example Finder

— X
Browse  Search Double-click an example to open it. Information Browse Search Double-click an example to open it. Information
Analysis, Signal Processing and Mathematics ~ 13 examples match your search criteria Description: ~
. ¥ | 9 p ¥
Browse according to: i3 Curve Fitting Enter. It.:e_f)rword (=) n Voltage - Timed Loopvi --| This example, while not
= . _ ’ = acquisition specifically written for the
(@) Task B Spline Fitting Demo.vi Fb c Voltage - SW-Timed Input.vi |__;“, A | |5P y
] L = LabVIEW Real-Time Module,
_ Circle fitwi > £ Voltage - HW-Timed Single Point Input.vi Ei, L runs on RT targets.
L} Directory Structure Ellipse fit.vi [ Double-click keyword(s) 2 Voltage - Finite Input.vi 7y
Financial Forecasting.vi Eb £ Voltage - Continuous Input.vi 7y . | |This example demonstrates how
Gaussian surface with offset fit.vi A-weighting £ Strain - Continuous Input.vi 7, ¥, | |to continuously acquire voltage
General Least Squares Fitting.vi b abort £+ Strain (Rosette) - SW-Timed Input.vi Ty ;negsurer.nemas frdom a S_AQ:;X
= . ; . . = evice using hardware timed,
Geometriczlll Ar‘l?lysiswith Linear [ aborting c» Resistance - Continueus Input.vi 7 fmx single pointgreads using a timed
Programming.vi absolute. £ Current - SW-Timed Input.vi Ty 2, loop structure.
Linear Programming for nD Variableswvi B academic c» Current - Continuous Input.vi B
Linear, Exp, and Power Fit.wvi N}}} ECCdlb ) © Analog Input - Voltage and Thermocouple in a Ty, ¥ | |Forinstructions on how to
Monlinear Spring Constant fit.vi I acceleratlo:t Single Task.vi W”_HECt your signals to 1_:he DAQ
Parametric Curve Fit.vi > chc;:smm & & Analog Input - Synchronization.vi Ty # gewce, reie::.to your device
- . = 3 - ocumentation,
Predicting Cost.vi 5 accumulator c» Counter - Read Pulse Width and Frequency (On 7 #
= - w
Regression Solver.vi b Ackermann Demand).vi =
Sphere Fitwvi 7', Requirements ACLR Requirements
Sum of 3 Gaussians with offset fit.vi e acoustic The following devices can run ~
Transport Optimization Using Linear 7 acoustics this example:
Programming.vi ACP PCI-6143
) Differential Equations - ODE E?IBBL:EE')
Visit ni.com E[Ehal [Expreifs = [HEE -- Visit ni.com PCI-6220
for more examples ) Distortion Measurements for more examples PCI6221
=) Elementary and Special Functions PCI-6221 (37-Pin]
Hardware 2 FFT and Frequency Analysis Hardware PCI-6224 v
No hardware chosen 3 Filtering and Conditioning v PCl-6221 < >
[ Limit results to hardware Add to Favorites Setup... Help Close Limnit results to hardware Add to Favorites Setup... Help Close

m NI Example Finder
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NI Community

Community

The NI Community is part of the vibrant NI Ecosystem. This is your place to
network, ask questions, and collaborate on code with users all over the world.

ALL COMMUNITY \/ | Se

Learn how to use the NI Community
as well as read the latest news and
announcements.

ﬁ Welcome and Announcements

User Groups

Join a group to collaborate on best
practices, plan in-person meetups,
and more.

Events and Competitions

Find content from NI conferences
and participate in student design and
FIRST competitions.

La Comunidad en Espafiol
o= A G L E]

La Comunita Italiana

el pmd)

Apout  ContactUs A Q Q

REGISTER

SEARCH ASK A QUESTION

Discussion Forums

Ask questions, explore solutions,
and participate in discussions with
other NI Community members.

Idea Exchange

Tell us about your product
suggestions and vote on ideas from
other users.

| Community Documents
Browse through and find student
projects, papers, and other

documentation for NI hardware and
software.

REGIONAL COMMUNITIES

Le forum francophone
NI iz
Tarkce Forum

</> Example Programs
Discover, download, and contribute

example code for NI hardware and
software.

Blogs

Read blogs from NI employees and
community members.

av74—54 (AXE)

Comunidade em Portugués (BR),

&
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Support ~  Community

About Contact Us

HOME / SHOP / CUSTOMEREDUCATION COURSES

stomer Education Courses

new and experienced users in the form of on-location and virtual
Topics include working with LabVIEW, InsightCM™, TestStand, FPGA

Filter by:  Training Leaming Paths (1) % Application

Category ™ | Clear All
10 Results
— — —
_—— —_—— _——
_— —_—— —_—
Actor-Oriented Design in LabVIEW Course Managing Software Engineering in LabVIEW Core 3 Course

LabVIEW Course
Starting from $3,000.00 Starting from $500.00

The Actor-Oriented Design in LabVIEW Course te

how to build actors and design complex multi-actor systems
using the LabVIEW Actor Framework.

Feature Highlights:

+ Fom

t: Clagsroom

quisites: LabVIEW Core 3 Object-Oriented Design
Programming in LabVIEW

.

Classroor

ourse is also available in a Private Virtual or Private

at

Leam more about Actor-Griented Design in LabVIEW

Starting from $ 2,000.00

The Managing Software Engineering in LabVIEW Course
teaches you how 1o manage the development of a medium to
large project in LabVIEW.

Featura Highlights:

» Fon Virtual, Classrooim

= Prerequisite: bVIEV

: Cora 3 or experience programming
medium to large LabVIEW applications

« This course is als«

available in a Private Virual or Private

Leam more about Managing Software Engineering in
LabVIEW

The LabVIEW Gore 3 Course introduces you to structured

practioes to design, implement, documant, and test LabVIEW
applications.

Faature Highlights:

IEW Care 1 and 2 or experience
all to medium LabVIEW applications

urse is also available in a Privale Vidual or Private
Classroom format

Leam more about LabVIEW Core 3
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Suppo

About Contact Us

& Q&

Find support resources including documentation, examples, and downloads. Learn about support services or

open a service request with an NI engineer.

REQUEST SUPPORT

COMMON SETUP RESOURCES AND TOOLS

These support resources help you install and set up NI products.

@ REGISTER AND ACTIVATE @

The My Products page helps you
register and activate your NI products.

@ DOWNLOAD SOFTWARE

NI provides downloads for NI products
and both NI and third-party instrument

drivers.
PRODUCT DOCUMENTATION @ DISCUSSION FORUMS =
Find complete product documentation Ask questions, explore solutions, and —

to learn how to get started and use the participate in discussions with other NI
product Community members.

= User Manuals

= Specifications and Dimensional

Drawings

Release Notes and Readmes

TRAINING
Learn faster, on your own or with an NI

expert, and build skl for this project

ACADEMIC COURSEWARE

Implement a hands-on approach to
engineering education with resources
and the next. developed by leaders in education.
= On-demand Training

= Learning Paths

= Certifications

SEARCH

SET UP COMMON HARDWARE

NI offers getting started content for
DAQ, CompactRIO, and instrument
control hardware

SUPPORT LIBRARY

Explore a wide range of support
content, including examples and
troubleshooting information.

= KnowledgeBase

= Tutorials
= Examples
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Solutions v Products v Perspectives

Suppo

Find support resources including documentation, examples, and downloads. Learn ab

open a service request with an NI engineer.

REQUEST SUPPORT

These support resources help you install and set up NI products.

@ DOWNLOAD SOFTWARE

NI provides downloads for NI products
and both NI and third-party instrument
divers

PRODUCT DOCUMENTATION

Find complete product documentation
to learn how to get started and use the
product

» User Manuals

= Specifications and Dimensional
Drawings
= Release Notes and Readmes

TRAINING

Learn faster, on your own or with an NI
expert, and build skills for this project
and the next.

= On-demand Training

= Learning Paths

= Certifications

Support v

Gommunity

COMMON SETUP RESOURCES AND TOOLS

@ REGISTER AND ACTIVATE

The My Products page helps you
register and activate your NI products.

DISCUSSION FORUMS

Ask questions, explore solutions, and
participate in discussions with other NI
Community members

ACADEMIC COURSEWARE

Implement a hands-on approach to
engineering education with resources
developed by leaders in education

®

About Contact Us

& Q&

t support services or

SEARCH

SET UP COMMON HARDWARE

NI offers getting started content for
DAQ, CompactRIO, and instrument
control hardware

SUPPORT LIBRARY

Explore a wide range of support
content, including examples and
troubleshooting information.

= KnowledgeBase

= Tutorials

= Examples

Products v Perspectives

I1 l Solutions v

HOME / SHOP / NISERVICES / SOFTWARE SERVICES

Software Services

Support v

Community

About Contact Us

Whether for an individual, a large development team, or an enterprise, NI provides services to ensure success with NI software. The Standard Service Program (SSP) is

included with software purchases and also available through NI service programs.

IPARE PROGRAMS

J

| B |

Improved Tool Access

Stay up to date with the latest versions or access

previous versions to support older projects. Gain
insight into emerging technologies in the NI

Software Technology Preview Program

Download NI software prod:

Learn about th:

Single-Seat Program

Receive a one-year membership to SSP at no

additional charge

hen you purchase NI
application software and enjoy member benefits
immediately. Renew your membership each year to

continue enjoying benefits

Shop for NI software

Renew your SSP membership online

ENSURE PROJECT SUCCESS WITH SSP

Connection to User Community

Join the extensive NI user community through
online forums and find solutions that NI technical
support engineers create. Participate in specialized
community events including certification summits,

NIWeek, user groups, and more

Explore the Kr

SSP PURCHASE OPTIONS

Volume License Program

Consolidate NI software licenses and manage them
with the Volume License Manager (VLM). Technical
eadership can manage assets centrally, adhere to

internal licensing policies, and streamline auditing

Learn more about the Volume License Program

Guided Path to Success

Get live phone support from certified engineers in
your local language, where available. Access online
training courses or enroll in instructor-led courses

(additional charges may apply)

Manage your service requests

Access onlir

ng

Enterprise License Program

Combine software standardization with training
and advanced services to meet the needs of large
teams and global enterprises. Work with your local

NI sales representative for custom pricing options

Learn more about the Enterprise License Program

What is the VLM?

Contact us to discuss your needs
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End;
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|Thi5 loop will chart a random number until 10 seconds has Elapsed.|
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Software Defined Radio
Physical 2l|0|0] 7|52 ¥F EE= A 7F &~

I=

ERol= g2l 2th| 2.

Multi-Processor Subsystem guassarsansassassases RF Front End
Real-time signal processor Host processor v + General Purpose RF

= Physical Layer (PHY) = Medium Access Control (MAC) « Dual LOs

= ex FPGA, DSP — Rx/Tx control PLL + Contiguous Frequency

» ex. Host GPP, multi-core CPU Range

4

Host Connection Baseband

Determines Streaming Bandwidth Converters
Ex. Gigabit E-net, PCle
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NI USRP Hardware Architecture

oW PESS |
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e < _DAC [4— 4 DUC 4— ~ (=
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1 gigabit

USRP-2920

Lowpass .
Mixer Filter
4@ o~ {ADD + DDC - -
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RX e e | :
90 Lowpass 2
RF  Low-Naise Drive Fitter o
Swilch  amplifier Amplifier e : ADC yODC [ 2
| Mixer 20 MHz : 100 MS/st

| PLL vco|

RF Front-End FPGA, DSP PC
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Difference between USRP and USRP-RIO
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Ettus o T TF¢

L & ©  Research-

E 120 MHz Data Clock
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Here FIFQ Decimator | Shift u =
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Here FIFO Interpolator [ Shift - =
Balance

----------------------------------------------------------------------------------------

m LabVIEW (Host PC) Fixed Personality (FPGA)

{ 120 MHz Data Clock
Rx :

Fractional [ Frequency [ Impairment
Decimator | shift bl Correction

Your Host Code DmnA
Here FIFO

Your Host Code DMA Fractional [® Frequency [® Impairment
Here FIFO Here Interpolator | Shift ld Correction
I !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
E LabVIEW (Host PC) * LabVIEW FPGA (FPGA) RF
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JOCKKEE, NATIONAL INSTRUMENTS

£ LabVIEW

LabVIEW: NI-USRP Sample Project (Host + FPGA)
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nuabort
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[#CodeRecommended - [f you want to
move the data directly to ancther
LabVIEW FPGA device for further
processing, you can replace the DMA

FIFQ with a Peer to Peer Writer FIFO.

[#CodeRecommended - For your
custom data pracessing IP, you can
add Target-Scoped FPGA FIFOs if
you need to meve data to a different
clock domain.

I{} Impairm Entsﬁriequenq,r Shift.vi

% Data Clock x2 |»

Feactional
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USRP-RIO Interfaces anc

Front

Connectivity

g

User
Programmable
Digital 1/0

NATIONAL
INSTRUMENTS REO

JTAG

NI USRP}-2944R
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AUX 1/0

TX1 RX1

o O

O O
®_= *
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Multi Device
Synchronization
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SFP+Parts

o 1
OO0 OO0

PCle x4

=\
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2 SFP+ Ports
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USRP-2944
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USRP-RIO MXIle Interface Options

PXle
Interface | MX
J 800 MB/s (200 MHz BW)
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USRP-295x: GPS-Disciplined OCXO
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YA Tav 4

NI USRP-295x Device

GPS Antenna

Y

J_

l Control

}_

GPS-Disciplined

GNSS iInformation

Precise Time

Precise Fregency Reference

Frequency Accuracy

NI USRP RIO

NI USRP-294x
NI USRP-295x

No
Yes

Stand-alone GPS Lock

+ 2.5 ppm -
+ 25 ppb + 0.5 ppb
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USRP-2945/2955: LO Sharing
10MHz to 6GHz, 80 MHz BW, Two-stage super heterodyne, 2 RX, Independent tuning

T an = TR 1§ Ihn .

idiad

R A | o Twe- - mu o TU-"
Independent LOs Companion LOs Exported & Shared LOs
LO Outputs (RF1) LO Inputs (RFO) LO Inputs (RF1)
1G/10G ETH S g 6
W’"W mm 19 8 %
Qg@@©@
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NI USRP-290X B-Series Overview

Specs
* Low Cost all-in-one solution

* Frequency Range: 70MHz - 6GHz

50-100mW output power
USRP B200@ / NI USRP 2900

XC6LX75 FPGA

1 TX & 1 RX Half or Full Duplex
Up to 56 MHz RF Bandwidth 2
USB 3.0 Interface, bus powered . ;gf%ﬁrhziii'-

12-bit ADC & DAC 2

USRP B210 / NI USRP 2901

XC6LX150 FPGA
2 TX & 2 RX Half or Full Duplex, Coherent Applications
Up to 30.72 MHz RF Bandwidth in 2x2 . FM, TV Broadcast
USB 3.0 Interface, External
MICTOR, JTAG, and GPIO connectors

Signals Intelligence

Communications Research

»LabVIEW |
v
v

__ LabVIEW
b o
- Communications

#GNURadio

ni.com
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Confirming Connection

Select Start » All Programs » National Instruments » NI-USRP » NI-USRP Configuration Utility to open the NI-

USRP Configuration Utility.
Select the Devices tab of the utility.

Your device should appear in the list on the left side of the tab, similar to the following figure.

Figure 1. Confirming USB Connection

15 NI-USRP Cenfiguration Utility

Devices |USRP2 SD Card Burner' N2/ MI-29:00/ X410 Image Updater

Device 1D | Connection | Type/Revision

| Image Status |

MNI2901 USE NI USRP-2801 /revd 30CEEBY

—USB

Selected Device 1D

lezgm

MNew Device ID

Change Device ID

Refresh Devices List

ni.com



USRP Examples

NI-USRP 0i| x| = Ct= |z 2 += A5t
« AlZH O /ol M Start » All Programs » National Instruments » NI-USRP » Examples.
« LabVIEW Functions Zr2| £E0{| A] Instrument I/O » Instrument Drivers » NI-USRP » Examples.

— —1 | IS |
Report V1 Analyzer Desktop <1 Instrument Drivers
Generation Execution Trac... MI-USRP
2 NI-Sync LabVIEW API Ref : e . ;. 3
!. -oyNC Le ererence - &= o
g | Bd = > HIWET
‘W NI-USRP Configuration Utility - Unit Test Agilent 34401 HDR MI-RFSG NI WST
Framework Playback Library Calibration I
B N1-USRP Documentation Measurement /O R Eri:' — — —
. NI-USRP Examples Instrument /0 » CEE ﬁm e -
Mathematics ¥ 7 Instrument MI-579x FlexRIC MI-DCPower NI-DMM
. NI-USRP FPGA and Firmware Images Signal Processing ) Configuration
. NI-USRP Utilities Data Communication [} @ Js) e
Connectivity b = [ e ;-2 .
. NI-VISA Documentation Control 2 Simulation b | Instr Drivers -D_’_I MI-USRP —
9 NI-VISA Driver Wizard Express ’
Addons b ¥I3A /] h ) [I=T]
. HEMER. e Select a Wl LuEscorE] F—ir':' F—L':'
o VISA NI-SCOPE Rx Tx niUSRP
NI-VISA Interactive Control Real-Time ’ Property ..
FPGA Interface b )— —_ = =
) Tl =1} [E=
JKI Toolkits 3 oy = 74 =
STl » NI-USRP synchronizatien Utility Examples
¥

_ﬁ



LabVIEW: NI-USRP Examples (Host)

X

RX

JOCKKEE, NATIONAL INSTRUMENTS

£ LabVIEW

Tx device names |1 Open Tx Session| 2. Configure Signal|

Baseband Tx Data

|[CD[ P

3, Write Tx Data

4, Close Session

m-m ?-F
o=
h il

IQ rate|[DEL ¥
carrier frequency |[DEL &

error out

— »IEL || coerced IQ) rate

gain |[0BLK——
active antenna [[2b<k —— ¥IEL] | coerced carrier frequency

¥OEL] | coerced gain

[1. Open Rx Session|  [2. Configure Signal]  [3. Initiate]

Rx device names

number of samples

timeout

o

4. Fetch Rx Data| | vims
b

[5. Analyze and Present Datal
Spectrum

Glu, (s poBL]

6. Abort] [7. Close Session]

/0
s = |h~ | . ] % error out
_-Flgx ?m?‘ 1)) = Qe 2l 1510 Il

1Q rate|(DBLF— —
carrier frequency |[ZEL

»iEL | |coerced IQ rate

active antenna WIEL ]| coerced gain

[

gainl DBL ¥ »IEL]|coerced carrier frequency
abc

5w |
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USRP &/ =1
Ol AlS MM U4

1. niUSRP EX Rx Continuous Async 0l I E &
Device Name, IQ Rate, Carrier Frequency,

Active Antenna, Enabled Channel=
A Mot AlderL|Ch,

2. niUSRP EX Tx Continuous Async Il M€ &

Device Name, IQ Rate, Carrier Frequency,
Active Antenna, Enabled Channel=
S 8ot alderL| L.
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En g -
= Hiz 37 H{E Q1A
4+ Qs MRy Baseband Power Spectrum e =7 "=
T e
Er m-.{
L E H : |§§> m ] c:.*ix? ~ —
e S22 ASASE =23 A 12 == 12
SR STEE SR o=
Mumber of Samples
Send configuration settings to the USRP Timeouls top and close ThE nUSRP session
Enabled Channel and read the coerced values back. \|@ [ [Stop i -
I abc :

Device Name \
: J q—Fa: ﬁb 1
a=t niUSRP sl ) Time Target ()

~vEnabled Channels CDB VD - =,
IQ Rate [S/sec]DBLE—
Carrier Frequency(DoLK ——[bDBL]|Coerced 1 Rate [S/sec] .

e

: »o6L | |Coerced Carrier Frequen p
i Gam@ L___I§5E norred (Sain \ P
Active Antennq[abcs
group name in (Untitled)
Recording
file path TDMS Open TOME Write TDMS Close
4 QSearch %\ Customizev ||E= w ﬁ
. = i
|} o N

operston (0:0pen)
TDMS Open TOMS Write TOMS Read TOMS Close  open or creafe

&

channel name(s) in (Untitled)

[==]

TOMS List TOMS Set TOMS Get TOMS Flush
Contents Properties Properties Lid
oM |
A
= H %]
TOMS File TOMS Advanced
Viewer Defragment TOMS
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Enabled Channel

Iabc:

Device Mame

T T
,
™
o T

b= niUSRP &
Enabled Channels

Kl 1§

1 Rate[ 6L p+
Carrier Frequency DEL¥

Gain|[DBELY
Active Antennglabes
4+ Q3N QAER HAY
> > > B>
L 7| =] Lpe7|
B> B> > >
=7t e HE B HE B
Giat7| E
> > >
LS #eg EE =

L3561 |Coerced 1Q Rate
- »oEL | |Coerced Carrier Frequency

- {¥oBL | [Coerced Gain

file path

MNumber of Samples

=

=t -

Baseband Power Spectrum

A4
IV
v

HiE 37 HiZE ¢

o~ (E
g
e

CEESEN "

I Graph

error out
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A. Launch the NI-RFmx Waveform Creator

Introduction to NI-RFmx Waveform Creator

Create and generate waveforms for multiple wireless standards
Create 1Q waveform files
Built-in waveform visualizer tools

Save the settings for future use

File Modulation  Save Waveform File Instrument  Tools Window  Help

BN LT FOD rfws] [EI=] |y
Modulation | Mukcarrier | Fiter | 10 Impaiments | Graphics | Fiter | 10 Impairments | Graphics
oo Definions ol Zoom Ads Contrals Markers Export Regenerate Plot  Carrier Sets
Maximum Number of Carrier Definitions: |1 2] (o from Carrer pefintion
Carrie Defintion Number: Carrer Defintion Name: Carter 0
Carrier Configuration
Link Dirction: Uplnk. - Nomberof Famess [ 2]
Channel Bandwidth: 20z - Coll 1d:
Oversampiing Factor Cydlic Prefix Mode: Normal
Short Frame Generation
[ Enabled offset (353 [0 Length (slts): [20 =
Test Madel rione -
Tme Domain Windowing I
state Duraton: [500 ns =6
Frame Confiquration | Dawnlink Confiauatien | Uplink Configuration |
Sub frame Configuration
Channel Type: [PLSCH ~]
0 76,7977
MCS Index: Wodustion Type: | 0PSK - Frequency (GHz)
N DHRS: [ -] Hompng e [0 30
Hopping Bits: [o ] o [1 g8
Humber OF REs: [100 BRECCTT 2F)
CurrentTio [o <[] power [0.000 28 oa]
Resource Allcation Type:
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A. Launch the NI-RFmx Waveform Creator

Introduction to NI-RFmx Waveform Creator

Supports generation for the following standards:

Cellular Standards: General Purpose:
Bluetooth -« FSK
- WLAN - PSK
NR - QAM
LTE/LTE-A TDD/FDD - Tones
- W-CDMA = W o
- GSM * LTE/LTE-A TDD/FDD A New Radio (NR)
. TD-SCDM \-III GSM/EDGE+

1X CDMAZOOO -

- CDMAZk | ] TD- SCDMA}
. { Bluetooth ‘ OW CDMA/HSPA+ ( [

EV-DO { WLAN

INTERNAL - NI CONFIDENTIAI
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RFMx Waveform Creator2 A= AS
K 24 G|
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Enabled Channel

Crevice Mame

] e ad
5= niUSRP B ; I ¥ = L: ST e

CDB WDT ~

] i
FEnabled Channels H

Stop

i ——{poEL ] |Coerced 1Q Rate :
Carrier Frequen jﬁnnl | =T e FFTER-T
9 P — ——»iBL|Coerced Carrier Frequency —

Active Antenhd[abek »oEL | Coerced Gain

file path
i
e R T
[1 Wim, TOMS, CDB ~|
||
L -
Baseband Fower Spectrum
=T e 5
Porier
MI-RFSG Playback Libran
1+ Qzy quskEpr
hid Iy Graph
2 FrEaee Frzaey \ |z_|rm L]
Read and Read Wim Clear All Wfms Clear Wfm -
Download WH... From File Q z W MR HEY
FESSFE] T
= 2
Set Script to Download User Advanced Utility T
Generate Waveform Read Sample Read PAPR -
I Rate From File From File

EFEsFE] = [RESGFE
.2 E

d Signal d ef
e INTERNAL - NI CONFIDENTIAI



FM Demodulation

FM Signal = sine (carrier frequency + fot message signal dt)

Original Phase Graph

180

Unwrapped Phase Graph

N

o7

Y
Phase

720=

<= Unwrapping
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USRP & =4

FM Demodulation

Participants Guide\USRP
A S 2 MI\Exercise\& &4 FM S X .vi
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names R Sessionwi  Signal.vi Initiate.vi R Diata Abortvi Close Handler vi
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3 W=pr = Dgn) G =419 L
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USRP Product Selection Guide




What’s the Difterence Between Ettus and NI?

o Qo

Ettus o
oo o Research
An M Brand

=y ; T

i

WENTHTT i“i L5

Sold as Modular Kits & Pre-Assembled Sold Pre-Assembled
Some Units Not CE Certified CE Certified
Stand Alone and Embedded Options Available Based on Popular Configurations of NI Ettus Products.
‘ MathWorks ‘ MathWorks
Open-Source Software: GNU Radio, UHD, C++/Python Unified Host / FPGA Design Flow with LabVIEW/LabVIEW FPGA
FPGA Framework: RFNoC (Verilog/VHDL) Uses NI-USRP Driver
Popular Development Tools: Redhawk, MATLAB... Ability to Import/Export 31 Party Tools (MATLAB, etc.)
Open Community and Email Support Supported by NI Technical Support Engineering
Extended Support Contracts Available Extended Support Contracts Available

Extensive Online Knowledgebase www.ettus.com

INTERNAL - NI CONFIDENTIAI


https://www.ettus.com/support/
https://kb.ettus.com/Knowledge_Base
https://www.ni.com/en-us/support.html

e Wireless Research Designh Prototyping and Deployment Portfolio

Highly-Portable to High-performance

A 2
,
= KINTEX.
—= HE L 3 ' li "‘
2 7 Y T ;L
& -, 7, mlm/‘
39 Gen VST
USRP 2901 B200mini USRP X310 FlexRIO 2" Gen VST mmWave VST 9 GHz BW
56 MHz BW 56 MHz BW 160 MHz BW 200 MHz BW 1GHz BW 2 GHz BW 26.5 GHz Fc
6 GHz Fc 6 GHz Fc 6 GHz Fc 4.4 GHz Fc 6 GHz Fc 54 GHz Fc '

Host based (USB)
Low SWaP

High Frequency / Wide Bandwidth

Large FPGA SDRs . .
Instrument Grade + Calibration

-
-
7ZYNQ ZYNQ i
RFSoC
T = By P s
BT = S p N [ s ’ w—— W '

USRP E31X & E320 USRP RX310 N321 NI Ettus USRP X410 NI Ettus USRP X440 ATCA-3671

56 MHz BW Pixus Technologies 200 MHz BW 400 MHz BW 1.6 GHz BW Massive BB

6 GHz Fc 6 GHz Fc 8 GHz Fc 4 GHz Fc Processing

Stand Alone Multi-FPGA Platform High-

Deployable FPGA + Embedded Processor __ performance .
connectivity and Inline processing




USRP Product Portfolio Overview

N

)

Q
Ettus o7 | 7

bl 4o ~ Research
~Yov A Hatiuma) rstrusmares S

222233355555
s Ty - oL

et ——
T——

3 MHz-6 GHz (N32X)

*10MHz — 6 GHz

1MHz — 7.2 GHz

30MHz — 4 GHz IF

Frequency 70 MHz — 6 GHz 70 MHz — 6 GHz 10 MHz-6 GHz (N310)
. 200 MHz (N32X) .
Bandwidth 56 MHz 56 MHz 100 MHz (N310) 160 MHz 400 MHz Upto 1.6 GHz
2 Tx, 2 Rx (N32X) 2 Tx, 2 Rx
Channels 2 Tx, 2 Rx 2 Tx, 2 Rx 47Tx, 4 Rx (N310) *4 Rx (TWIinRX) 4 Tx, 4 Rx 8 Tx, 8 Rx
Architecture Integrated Integrated Integrated SNl Integrated Integrated
9 9 9 Daughterboards 9 9
Communication USB 10 GbE 10 GbE or PCle 10 GbE or PCle 100/10 GbE or PCle 100 GbE
Up to 128x128 (N32X)
Synchronization 2x2 MIMO 2x2 MIMO Full Phase *2x2 MIMO 4x4 MIMO 8x8 MIMO

Synchronization

SW Support

GNU Radio, C++,
Python, MATLAB,

GNU Radio, C++,
Python, MATLAB,

GNU Radio, C++,
Python, MATLAB,

GNU Radio, C++,
Python, MATLAB,
RFNoC, LabVIEW,

GNU Radio, C++,
Python, MATLAB,
RFNoC, LabVIEW,

GNU Radio, C++,
Python, RFNoC

LabVIEW RFNoC RFNoC LabVIEW FPGA LabVIEW FPGA
Low SWAP, Embedded Stand Alone, qule *Configurable RF Front RFSoC based FPGA, RFSoC _based direct
Low SWAP-C, bandwidth, Multi- 5G Ready, sampling, phase
Key Features . Deployable, End, Programable . . . .
Highly portable Standalone Channel Sync Ready FPGA Wide bandwidth, Multi- coherency, wide
(N32X) Channel bandwidth

INTERNAL - NI CONFIDENTIAI



Tvpe NI USRP NI Ettus USRP
yp Model Model Tx

Frequency — FPGA OSS-UHD OSS-FPGA
LabVIEW LabVIEW _ $GNURadio €

# #
R
USRP-2944 USRP X310 + UBX 2 2 30 MHz - 6 GHz 160 MHz V4 N4 N4 N4
Host
Connected, USRP-2945 USRP X310 + TwinRX ) 4 10 MHz - 6 GHz 80 MHz v X v v
FPGA
Enabled,
High USRP-2954 USRP X310 + UBX + GPSDO 2 2 30 MHz - 6 GHz 160 MHz v v V4 V4
Performance
USRP-2955  USRP X319 + TwinRX + GPSDO ) 4 10 MHz - 6 GHz 80 MHz v X N4 N
Low SWAP N/A USRP E310 / E313 2 2 70 MHz - 6 GHz 56 MHz X X N4 N4
Stand Alone
Embedded N/A USRP E320 2 2 70 MHz - 6 GHz 56 MHz X X v v
N/A USRP B20@mini / B205mini 1 1 70 MHz - 6 GHz 56 MHz X X v X
Low SWAP
LO‘L’JVS%(’St USRP-2900 USRP B200 1 1 70 MHz - 6 GHz = 56 MHz V4 X N4 X
Connected
USRP-2901 USRP B210 2 2 70 MHz - 6 GHz 56 MHz v X v X

INTERNAL - NI CONFIDENTIAI



nl ni.com
A Platform Approach to Prototyping

Open Ecosystem of Software Tool flows

»LabVIEW &GNURadio y\aDO’ @ python’ ‘ C / C+

The Largest Breadth and Depth of HW in the Industry

Proven Customer Success

First 28GHz mm-wave 5G transceiver Massive MIMO gets a boost from National Instruments
demoed in US -Electronics Weekly -RCR

World’s Most Powerful Emulator OP Hae(]ifcsifSignal

Bristol and Lund set a new world record in 5G wireless spectrum efficiency Traffic Opens for Business _DARPA

-Bristol University



nl ni.com
Support for Many Software Design Flows

System Model GPP Design FPGA Design Deploy
C/C++ @ python’ RFNoC via GRC SDR
e pgthon'” _ Hardware
VIVADQO!
C/C++ Or SimuLink Embedded Coder™ HDL Coder™ SDR
4\ MathWorks 5 4\ MathWorks ; vLI%ADOf Hardware

SDR

LabVIEW | abVIEW LabVIEW FPGA Hardware




Which Software tool is right for you ?

= LabVIEW

>GNURadio

THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM

ni.com

Operating System

Mature Windows Support
Little Linux Support

Immature Windows Support
Mature Linux Support

Licensing

Paid model, often have enterprise
License from Test Engineering.

Free and Open Source

Programming Skills

Simpler Getting Started
Graphical Programming
New To Many SDR
Developers

Familiarity Several Tool
Chains (C/C++, VHDL,
Python...)
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"W EPGA Software Abstraction Technology

Latest FPGAs Programmed with LabVIEW or Open Source Tools (RFNoC)

Clock Constraints I/O Signals Signal Processmg Functions DMA over PCle User Application — GNU Radio

RFNoC: Radio QT GUI Vector Sis
l Radio Select: & :1!12
Mode: Ax
Stream Args: =
HY: ms ?;! ‘Center Frequency: 1 982G .
C 1 ) / \ Fixed-Point to Integer Cast S = o
e % DMA to Host b Anteona: TXRX g
Scaled Window FFT Write 8
BA% 10 Module\AI0 Data N § Element - g
5% 10 Module\PFI 0 Rd Data § 3 Input Valid | USRP Hardware Driver ‘
Ready for Input » “‘
Trigger Reset i | Ingress Egress Interface ‘ <
o= 4 4
° ° o
| Crosshar ‘ -
A J @
o @l ¥ ‘ 41 3
—
v
. Computation
Radio Core FFT Ep ine
| o XiLiNXe. Controls from CPU Intuitive Flow Control
| xemaion
| cremactiass
'i‘l‘!"““

Kintex
Kintex-7 Virtex-7 Ultrascale

& XILINX

]
.;.u
-2




i

A Comparison: RFNoC and LabVIEW FPGA € XILINX

' |RFNoC LabVIEW FPGA

What It Is:

Primary Value:

FPGA Programming
Experience Required?

Hardware Support

Operating Environment

Verilog IP integration infrastructure &

workflow

Enables digital engineers to focus purely on

processing logic & algorithm developers to
focus on algorithm development

Yes

Most High end USRP

Open Source (Ubuntu / GNURadio / UHD)

User Application — GNU Radio

USRP Hardware Driver |

Ingress Egress Interface |

A

Crossbar |

it

Radio Core

4
FFT Compultatlon
Engine

HOST PC

USRP FPGA

Graphical abstraction to FPGA development

Enables domain experts to rapidly prototype
leveraging FPGA & provides board support
package

Some

Subset of RFNoC, PXI/PCIl based FPGA
HW

Windows / LabVIEW

Clock Constraints 1/O Signals Signal Processing Functions DMA over PCle

i

XL Controls from CPU Intuitive Flow Control
KINTE
™

ni.com
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USRP - RF Network On Chip (RFNoC)

RFNoC: Radio L
Radio Select: A FFT .
K-Axis Start Value: 0
U | Mode: Rx FFT Size: 1.024k Log10 alue
o Stream Args: I A Stream to or Forward/Reverse: Forward l A Complex to Mag n: 20 Is Step Value: 1
Center Frequency: 1.9826 ::{m:::::i 024k l Window: window.blackmanhar... Vec Length: 1.024k l k:0 l » l ‘I'-AJ::: :-":::: x-ﬁif
— sampling Rate: 1M - Shift: Yes Vec Length: 1.024k is I.InII:s-: "
& | cain:20 Num. Threads: 1 X-Ax )
Y-Axis Units:
I Antenna: TX/RX
° ° Ref Level:
User Application

USRP Hardware Driver (UHD)

____________________________________________________________________ I

Ingress Egress Interface

Crossbar

. Computation Engine Computation Engine Rf)@ﬁz
Radio Core . . Ettus o777
User Defined User Defined 5153 Research

USRP

A Nationai Instruments Compaay




ni.com

b Sample of Available Blocks

FIFO

FFT

FIR

fosphor (real-time spectrum analyzer)
Decimator (Keep 1 in N)

Log Power Calculator

Radio Interface

Vector IIR (moving average)

Window multiplier (for FFT)

OFDM: Burst detection + synchronization, equalizer, packet demodulator
and more...



https://github.com/EttusResearch/fpga/tree/maint/usrp3/lib/rfnoc

Best for Radar/EW
Research, Design,
and Prototyping

NI Ettus USRP X440

&
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NI Ettus

Key IF Capabilities
Frequency Range:
Signal Bandwidth:

Channels:
Max Power:

Digital Capabilities
FPGA Technology:
Interface Options:
Software Support:
Synchronization:

Key Applications

USRP X440 Overview

30 MHz - 4 GHz*
up to 1.6 GHz* / channel
3.2 GHz in aggregate

8 Rx - 8 Tx (or 8 TRX)
Tx Output: < 0 dBm full scale
Rx Input: 10 dBm full scale

Xilinx Zynqg UltraScale+ RFSoC

Dual 100/10/1 GbE via QFSP28

GNU Radio, UHD, C++, Python, RFNoC
Onboard GPSDO, 10 MHz / PPS

Radar and EW Research and Prototyping
SIGINT and Direction Finding

SATCOM Ground Stations

mmWave or sub-THz 6G Wireless Research

* |[F-Bandwidth combination limitations apply due to Nyquist zones and gaps

USRP X440 is covered by Export Administration Regulations (EAR) NS2. Refer to US Department of Commerce for details and country chart.

EMERSON.

nl


https://www.bis.doc.gov/
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NI Ettus USRP X440 High Level Block Diagram

Daughterboard

FBX DAUGHTER BOARD X2

N

Motherboard

Q. o) (e
8x TX/Rx | g——0" ™ 0«

TDD/
LOOPBACK
PATH

N/

DAC

ANALOG OUTPUT

S

XILINX ZU28DR-2

ZYNQ US+ RFSOC
/N

N I ° 35

Timing and Synchronization GPSDO
I N
REF IN 10 MHZ j/
PPS IN GPS ANTENNA
TRIGGER IN/OUT
SYNC IN

A4 A4
d
ADC [ 5
ANALOG INPUT STREAMING DSP CPU
High Speed 8 GB DRAM 4GB Memory
LTt i Interconnect [Replay] 32 GB EMMC
I I
1 GBE, USB 100 GBE X 2
JTAG, DIO 10 GBE X 4
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NI Ettus USRP X440 | Phase Coherent on Eight Channels

nnnnnnn

..............

nnnnnnn

yE3EEEeszsseaseens

USRP X440 Phase Coherent Acquisition

Mean Phase Skew Trend

Hormalized Average Channel -Channal Skew

Skew

Histagre

ram

S5
| |

A

python

[ Fun

Hardware Specifications of the USRP X440:
* Phase coherency is sample-based
* Phase Stability (within device): < 1° RMS
* Phase Repeatability (within device): < 3° Pk-Pk
* Phase Stability (device-to-device): < 2° RMS
«  TX Output Level: <0 dBm full scale
*  RX Output Level: 10 dBm full scale

Benefits of a phase coherent USRP:

* Easier to synchronize and phase-align multiple channels for
MIMO systems and beamforming applications

« Enable accurate phase measurements, Doppler shift
calculations, and precise direction determination in radar and
direction-finding systems

INTERNAL - NI CONFIDENTIAI



Best for Wireless
Communications
Research, Design,
and Prototyping

NI Ettus USRP X410

&
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NI Ettus USRP X410 Overview —

« Key RF Capabilities

. Frequency Range: 1MHz -7.2GHz

. Signal Bandwidth: 400MHz

. Channels: 4Rx -4Tx

. Max Power: Tx up to 22 dBm! - Rx 0 dBm

Digital Capabilities

. FPGA Technology: Zynq Ultrascale+ RFSOC i 1
. Interface Options: Dual QSFP28, PCle Gen 3 x8 m

. Onboard IP: SD-FEC, DDC, DUC 8 o
. Software Support: GNURadio, LabVIEW

. Synchronization: Onboard GPS DO

Key Applications

- 5G / 6G Prototyping

- Signals Intelligence

= Wireless Communication

Ettus USRP

e : ~ - Communications EW

. Software Defined Radio - .
emerson. | T



Product Features

1 MHz - 8 GHz 400 MHz
FREQUENCY RANGE SIGNAL BANDWIDTH

4x 23 dBm
TX/RX CHANNELS MAX TX POWER

ZYNQ ULTRASCALE+ RFSOC
FPGA TECHNOLOGY

SD-FEC, QSFP28 X2
DDC, DUC PCIe Gen 3 X8
ONBOARD IP INTERFACE OPTIONS

NEXT GENERATION USRP SOFTWARE DEFINED RADIO PLATFORM
NI Ettus USRP X410

Ettus A?TTT:

(L (L (L o  Research’

An il Brand



Smallest Size,
Weight, Power, and
Cost

B Series USRP

&

EMERSON I'“



NI USRP-290X B-Series
Overview

NI USRP-2900 / Ettus USRP B200 Specs

Frequency Range: 70 MHz -6 GHz

Signal Bandwidth: Up to 56 MHz RF Bandwidth
Channels: 1 Tx — 1 Rx Half or Full Duplex
FPGA Technology: Xilinx Spartan 6 XC6LX75
Connectivity: USB 3.0 Interface, Bus Powered

NI USRP-2901 / Ettus USRP B210 Specs

Frequency Range: 70 MHz -6 GHz

Signal Bandwidth: Up to 30.72 MHz RF Bandwidth in 2x2
Channels: 2 Tx — 2 Rx Half or Full Duplex

FPGA Technology: Xilinx Spartan 6 XC6LX150
Connectivity: USB 3.0 Interface, Externally Powered
Maximum Power: Tx Output: 20 dBm

Rx Input: -15 dBm

Key Applications Software Support
FM, TV Broadcast . LabVIEW and NI-USRP Driver
Signals Intelligence . GNU Radio and UHD

Wireless Communications RDP

EMERSON.

nl
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MTwinRX Daughterboard for X300/310 USRP

« Daughterboard for X300/X310 Target Applications:

* In a single X300 or X310 you can accommodate « Direction Finding
2 TwinRX modules, giving 4 channels of phase « TDOA/FDOA/FOA
coherent measurements for DF. « Spectrum Monitoring

« The TwinRx is Ettus’ first Superheterodyne « SIGINT/COMINT

design with residual spurious performance better
than -80 dBm.




NI-USRP & ER-USRP Product Mapping

USRP-2940
USRP-2942
USRP-2943
USRP-2944
USRP-2945

X310 + WBX (x2)
X310 + SBX (x2)
X310 + CBX (x2)
X310 + UBX (x2)
X310 + TwinRX (x2)

USRP-2950
USRP-2952
USRP-2953
USRP-2954
USRP-2955

X310 + WBX (x2) + GPSDO
X310 + SBX (x2) + GPSDO
X310 + CBX (x2) + GPSDO
X310 + UBX (x2) + GPSDO
X310 + TWinRX (x2) + GPSDO

Mapping Between ER-USRP and NI-USRP Product Numbers
https://kb.ettus.com/Mapping_Between ER-USRP_and_NI-USRP_Product Numbers

Selecting a RF Daughterboard

https://kb.ettus.com/Selecting_a_RF_Daughterboard

INTERNAL - NI CONFIDENTIAI


https://kb.ettus.com/Mapping_Between_ER-USRP_and_NI-USRP_Product_Numbers
https://kb.ettus.com/Selecting_a_RF_Daughterboard

ni.com

M USRP N320 / N321

Common:

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:
Zyng XC7Z100-2FFG900I
External LO input ports

o ST T T (5]
LO Distribution for up to 128x128 MIMO < 8 Ettus ~ © T T T
gJGNU Radlo (L l J> 0 Research""

THE FREE & OPEN SOFTWARE RADIO ECOSYSTEM
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"W Lo Distribution CCA Inside The N321

Star LO Distribution
Support up to 128x128 MIMO

Rx Output [0:3]

Tx Qutput [0:3]

Tx Input [0:1]

|
|
|

Rhodium #2 Q

1Q Mod

Rhodium #1 1Q
Demod

.................

Rx LO Synth

Mezz. || :
Tarssrenrrnenined " Conn

1 Mod

N321 LO Distribution Switching
_ - Y PS +LDO
D

-—= A

- v ]

D

-t i

>—-—M
|

LO Dist

Rhodium #2

RxLO In

>_

Rhodium #2
TxLOIn

ribution CCA Inside The N321

CLOCK DISTRIBUTION SOURCE

Master

AN
/

|

) |

! — | = |

| L ] L 1 i I ) :

N ____I_J_l_l__l_L_'_| [ — r— |
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128 x 128

INTERNAL - NI CONFIDENTIAI
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USRP N320/N321 LO Distribution

AN

)

YV

AN
/
(/
LO DISTRIBUTION SOURCE
NV N
\\IIIIIIIIIIi'IIIIIIIII

/
g N
\—

=

32x32
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NI USRP N310/N30@ o

Stand-Alone USRP Optimized for Remote Deployments Eault

Security Distributed

Recovery Timing
Features |
High channel density: 4x4 MIMO in half wide RU iy r@ @- 7@[@“@1 e
form factor O & = 3 - ©
10 MHz - 6 GHz frequency range 0 @@ @@ @@ @Q AL

TXOUTFUT MAX +20 dBo. RX INPUIT MAX 15 cBim, ALL RF PORTS 5042

100 MHz of instantaneous BW per channel
Zynq 7100/7035 user-programmable FPGA
Dual-Core ARM Cortex-A9 processor

2 SFP+ ports (1 GbE, 10 GbE, Aurora)
Ethernet sync with White Rabbit ®
Self reset - watchdog timer | et

ni.com

Benefits Applications
Stand-alone operation * Wireless testbeds
Ideal for distributed and large- = Remote radio heads + LabVIEW x
scale deployments with features = Comms system prototyping LabVIEW
focused on reliability & remote = Spectrum monitoring st Communications x
management = Record/Playback

» Spectrum sharing (e.g. CBRS) +GNURadio

v
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Rl45

MicrosD

USB 2.0

MicroUSB

USRP N310 Motherboard

USRP N310 Motherboard

XILINX ZYNQ 7100

PS-Dual Core ARM Cortex A9
(OpenEmbedded)

PL-Kintex-7 Based
Clocking Circuit, (R FNoC

Serial Console

ITAG

e

White

RF1
JESD204B

v

Rabbit

20 MHz

RFO
JESD204B

A 4 )
[TPM1.2] | 1 GBDRAM| |2 GB DRAM Clocking | RFNoC Radio
————»
Circuit RF1
ITAG —* RFO

STM32 Microcontroller
(Watchdog, Power, Fans,
System Health)

RFNoC Radio 25 MHz e
I T ? GPSDO RFNoC Radio
20 MHz PPS

Loy .

PPSIn  PPS/TRIG GPIO Dual SFP+ Refln GPS Ant.
Qut

ni.com



nl

ni.com

Centralized Remote Management

Open source software development (no LV support)

Single
Manage
Remote
Remote
Remote
Remote
Remote

Self corrections for IQ imbalance and DC offset

& © @

Central Remote System

host application remotely manages entire Management  Administration Diagnostics
radios while streaming/processing data
firmware & OS updates

host PC and ARM application debugging
reboot

factory reset

system health monitoring

Remote Management PC

Network Connection

s A R
B T A

sl e

Remote Networked Devices (potentially several km apart)
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USRP-2974 — Stand-Alone USRP-RIO

High performance SDR for compute intensive applications
Features at a Glance
10 MHz — 6 GHz frequency range
160 MHz instantaneous bandwidth per channel
Intel i7 processor with 8GB of RAM
Kintex-7 410T FPGA
GPS Disciplined Clock
2X2 MIMO
Hardware control over 1G/10G Ethernet

PCle expansion port to connect to additional USRP RIO

Applications

2U Form Factor : : :
L _ _  Algorithm Engineering
LabVIEW Communications System Design Suite and 802.11 « MAC/PHY Prototyping

and LTE Application Frameworks support for programming Stand-Alone SDR Applications

Real-Time and FPGA LTE, WiFi, and MIMO Research
UHD Support (GNURadio, C++/Python, MathWorks) UE Emulation
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Daughterboard Frequency Range

BasicRX 250MHz

BasicTX Bl 250MHz

LFRX I30MHz

LETX 130MHz

DBSRX2 |

TVRX2 | |

UBX

TwinRX | \ :

DC 1 GHz ZGHZ\ 4GHZ\ 6 GHz

\ m
%iifi . Nw?“f

g

TwinRXx UBX WBX DBSRX2 BasicRX
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USRP Daughterboard Compatibility Matrix

1
1 1 1
1 - 1 1 1
) 1 1 1 1
1 1 1 1
AN 1 ’ / 1 14 1
A \ ('—/ : \&(‘ . - : : :
We ® ! \ 7 1 1 1
= NC / 1 1 ' . '
gl | | : :
1 1 1 1
USRP N UBX UBX Basic TX
Freq 10MHz 10MHz 10MHz 800MHz DC 1MHz
to to to to to to
Range 6GHz 6GHz 6GHz 2.3GHz 30MHz 250MHz
1x Rx 1x Rx 1x RxI 1x RxI
# TX / RX 2x Rx Q Q
Daughter Ix Tx 1x Tx 1x TxIQ 1x TxIQ

board

]
1
1
1
1
1
]
1
1
1
1
1
1 IX RX
1
1
1
1
1
]
1
1
1
1
1

<

B-Series, E-Series & N310, N320, N321 USRPs- do not have user configurable daughter boards.

Some x310 daughterboard configurations are disallowed based on software tool chain preference.

*TwinRx can only be combined with another TwinRx in the USRP-x310
** LabVIEW requires matching daughterboards per radio

ni.com
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nl

Multiple Software
Options

o
Ettus 077179 ‘ I1l

o  Research ni.com

+ LabVIEW

05 0

&GNURadio

IP & Reference
Designs

!L EI @

Key Featuras Key Features Key Features Faatures
s 20 MHz Real-Time & 204OED MHz Real-Time = 20 MHz Real-Time s 2 GHz Real-Time Bandwidth
Banchwidth Bandwidth Bandwidth *  Supports 2x2 MIMO
+  TDOVFDD Uplink & «  Fully Bidireciional - Supports up ko 128 eNB - Fully Bidirectional TOD
Downlink Modes Communicalion Anlennas and 12 Single Uplink & Downlink Modes
- Lz APl - Real-Time Ghannel Antenna UE's
Cading - DD Uplink & Dewrink Applications
Applications = MAGIPHY supporl Maodes Based Upon LTE = Enhance Mobile Broadband
*  LTE & Wi-FI Coexistence Research
+ Cellular Metwork Layer Applications Applicatlons «  Ultra-Dense Callular
Research »  LTE &Wi-Fi Coexistance = Massive MIMC Research
- New Waveform Research = BOZ1ax Multi-User = Multi-User MIMD - Collular Backhau
Profotyping Research

Ready to Run FPGA IP Delivered in Source Code * Lead User Availabikity

Prototyping Platform Elements - USRP

Stand-Alone
HW Form Factors

Timing/Synchronizatio
n & Control
Accessories

= “&

e

-
-~

Scalable to High-
Channel Count Systems
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OctoClock — 8 Channel Clock Synchronization

e ¢¢¢ﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁtﬁ

We: i ®®

Power —— > — 10MHz Ref 1 App|lcatI0nS
>1+— 10MHz Ref 2
Tl e Time and frequency
S 10MHz Ref 5 sxnchronlzatlon for large
> 10MHz Ref 6 channel count systems
>1— 10MHz Ref 7
[>1+— 10MHz Ref 8
R frerer Features
[ PPS Ref3
;— PPS Ref 4 8 Char]ne! 10 MHz and
10 MHz - >-[— PPSRef5 PPS Distribution
Refln Timing and ;—Eggge;? Ch b | |
Clock — e
_~lock B 00se petween Interna
Rt || DiStrouton < i | External sources
Ref Optional integrated GPS
| R PUOT]
S GPSDO disciplined clock
GPS Ant Disciplined
Clock
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Cabled PCI Express Switch Box - CPS-8910

Easily connect USRP devices
 Either PCle x8 or PCle x4 uplink to host

 Supports up to 8 PCle x4 downlinks for connecting

external devices

 Software-transparent link, requires no

programming

« Fits conveniently into a 1U rack e L §
| e W

—
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. DRONE DEFENSE

SkySafe
" 4

!

“The NI - Ettus Research USRP X310 is the
only commercially available SDR with the
openness and raw RF and DSP capabilities to
meet the needs of this rapidly evolving
drone threat.”

I1l —Scott Torborg, CTO,
SkySafe

USRP X310
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Defeating Commercial Drone Threats With Open-Source Software Defined Radio

CHALLENGE

Developing drone defense systems that rapidly evolve with ever-
increasing threat frequency and sophistication.

SOLUTION
Rapidly prototyping and deploying with the NI USRP, to deliver

industry-leading capability into the field faster and at a much
lower cost to the government.
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The World’s Largest Channel Emulator Uses NI SDR : :
256 Channels nw: -
25.6 GHz Total Instantaneous Bandwidth

52.43 TB/s of digital RF Data

Picture From the Finals of SC2 in LA
- Winner = Team Gator Wings I
(University of Florida)

WWW.SpectrumCollaborationChallenge.com
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http://www.spectrumcollaborationchallenge.com/
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