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What are we going to talk about

Learn how to use MATLAB and NI to optimize wireless design processes and improve your
product quality

Discover the latest features and updates from both platforms that will help you achieve your
design goals

Get insights on how to tackle common wireless design challenges and find innovative solutions

ni.com
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Transforming Wireless System Design with MATLAB and NI

Wireless Standards

" Design, analyze, and test standards-
v/ | based 5G, Wi-Fi, LTE, satellite

Digital, RF, and Antenna Design

(((T)) Jointly optimize digital, RF, and antenna

components of an end-to-end wireless
communications system.

Radar Applications
Simulate multifunction radars for

automotive, surveillance, and SAR
applications. Synthesize radar signals to
train machine and deep learning models
for target and signal classification.

communications, and Bluetooth systems.

Al for Wireless

Apply deep learning, machine learning,
and reinforcement learning techniques to
wireless communications applications.
Hardware Design, Prototyping, and Testing
.(—=. Implement and verify your designs on
. - hardware. Test your algorithms and

===® designs over-the-air with RF instruments
and SDRs.

Hands On Learning

Jump-start learning online or in the
classroom. Download interactive teaching
content developed by MathWorks and
educators from leading universities.
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M Common Platform for Wireless Development

MOBILE AND UNIFIED

CONNECTIVITY DESIGN AND
STANDARDS SIMULATION

Waveform generation and analysis, Model, analyze, and optimize
end-to-end simulation, golden reference. component and system behavior.

T
bk Baseband FliFn’r Antennas
LTE PHY End & MIMO
(NB-loT Bluetooth n
"o (BLE)

C-V2X)

Channels & Propagation

PROTOTYPING AND TESTING

Connect to hardware and automate workflows.

Test with Run on Generate HDL
RF Instruments Cluster or d C/C++
and SDR Cloud =

ni.com
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Wireless System Design Based on SDRs

A software-defined radio (SDR) is a

wireless device that typically consists of ) YV |Gy o8 HosT
a configurable RF front end with an - “\
FPGA or programmable system-on-chip R ) R )

(SoC) to perform digital functions. MATLAB

Prototype: Radio I/O to host

))) §7 r@ SDR

» RF Processing ﬁ

Digital

<

Processing
[FPGA/SoC)

4

Deployed: Operates independently

ni.com




n Wireless Research, Design, Prototyping, and Deployment Portfolio

Highly-Portable to High-Performance
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USRP 2901 B200mini USRP X310 FlexRIO VST mmWave VST 3d-Gen VST
56 MHz BW 56 MHz BW 160 MHz BW 200 MHz BW 1 GHz BW 1 GHz BW 2 GHz BW
6 GHz Fc 6 GHz Fc 6 GHz Fc 4.4 GHz Fc 6 GHz Fc 44 GHz Fc 23 GHz Fc

Host based (USB)
Low SWaP

High Frequency / Wide Bandwidth
Instrument Grade + Calibration

ZYNQ VIRTEX

Large FPGA SDRs
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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

High Performance

Stand Alone
and Inline

Processing

Deployable FPGA + Embedded Processor

ni.com
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NI Ettus USRP X410 Product Overview

RF Capabilities Digital Capabilities

Frequency Range: L MHz -8 GHo Xilinx Zynq UltraScale+ RFSoC
Built-in quad core ARM processor
Signa.l Bandwidth: 400 MHz Onboard IP: Fractional DDC, DUC
Rece|v.e Channels: ax Interface options: dual QSFP28 (10G), 1G
fransmit Channels: ax Synchronization: 10 MHz / PPS, GPSDO option
Max TX Power: up to 22 dBm? Software:
Max RX Power: 0 dBm MATLAB, Wireless Testbench
NI-USRP, LabVIEW FPGA
1 see specification for details USRP Hardware Driver (UHD)

ni.com




M Wireless Testbench plus USRP X410

p . . A Variable » » Analyze Code Preferences 4 Communit:
I—LUJ-' L+ o 3 [ql Find Files ,_J\_}_, 'Y = o e £ ’3 E {:9“ % & a y
I Save Workspace &f Run and Time [+ Set Path = Request Support
MNew New New Open |15 compare Import Clean Favorites Simulink Layout Add-Ons Help —
Script Live Script = - Data Data [ Clear Workspace « - |4 Clear commands = ~ il paraliel - » [E] Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES x
<= = 5 @l & 5/ » mathworks » devel » sandbox » nmacewen » devel » R2023b » X410Video » Waveforms P
Current Folder G Command Window Workspace (O]
|Name L Date Modified fx >> | Name £ Value

H 5GDL_100MHz.mat 03/10/2023 03:06:23 PM
H SGDLFRC_250Msps.mat  03/13/2023 09:46:47 AM

Details o

Select a file to view details

Al

ni.com




nl
PA Linearization: Digital Predistortion (DPD) in Practice

Up-conversion

Baseband\\ | |

———»| DPD |

RE Antennaloading

Adaptive coefficients 4 _ N
SO A WO y>Timing

Down-conversion

® PA characteristic

A LX)

— (actual)
= o

CQay¢y @ A% @ _- \ :
= Compression
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o

-
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DPD characteristic

ni.com
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PA Modeling Workflow

Get I/Q (time domain, wideband) measurement data from your PA
Fit the data with a memory polynomial (extract the coefficients) using MATLAB
Verify the quality of the polynomial fitting (time, frequency)

K-1M-1
e (n) = Y- 3 (kg — m) | — m)]*
k=0 m=0
Memory length - A

94522 + 24 3710i 8.3372+225027 -7.6535-17.8049 52338+1281091 -3.5523-836591 14949 +409881 -06511-1.0900i
15.8350 + 25.6405i 3.8676 + 1.83451  -3.1046 + 0.5440i 2.1230 + 0.9708i 1.0364 - 203531 2.5988 + 0.44081 1.6011-0.5171i
-67.4772-8061461 -20.3301-13.02111 135985+ 0.11381  -6.0557-2.51041 -2.4325+456291 -7.4792-0.72051 -4.3852-0.3074

(¢ 1epi0 )

J

ni.com
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What resources are available to characterize a PA Model?

MATLAB fitting procedure

PA model coefficients
(W hite box)

PA Data

4] Figure 1

File Edit View Inset Tools Desktop Window Help

=]

EEFEID AR E L

Absolute Values of Input and Output Voltage Signals

function a_coef = fit_memory_poly_model(x,y,memLen,deglen,modType}
% FIT_MEMORY_POLY_MODEL

% Procedure to compute a coefficiemt matrix given input and output

Ty e

fitCoeMat
) 349 comples double

1
K] 71756 + 1.12381

4 5 [:] 7 8 9 10 1 12 13 14

2 3
57.1783-12.3324i  10.5876 - 7.5894i -2.423.. -4.379,

xPow = x.*{abs(x)."(@:deglen-1));

-1.125.. 2461.. 1.461.. 4.390..-94.35..-2338..-8.825.. 1934 18"
8 % signals, memory length, nonlinearity degree, and model type. 2 3.2336-07538i 252834 +7.1506i -4.4503 + 13.8723 9.675.. 2.191... 2.847.. 1.131..-8.420.. -9.565.. -4.801... 1.563.. 2.309.. 9.079..-1.4(=
% 3 16834+ 1.1150i 12,5644 -6.4201i  -4.6721-4.7128i 16.98...-1.006... 51.69..-1.516... 3.683....2.088... 5.637... 6.580... 3.496...-9.910... 6.7
\ X 4
7 I “ % Copyright 2817 Mathlorks, Inc. 5
\ 6
6 H| |“ f‘\ 7
| \| ﬁ‘ , ‘I x o= x(2): 8 ) -
i A
s M inw y =y
St L L I rhen = Lengtn ()3
z ([ w\ TR W
s N AT [
3 UH“ f“l I |‘II‘H‘ ,‘ H ‘J \|| | “‘”‘ W\ switch modType
|
3 H ‘,4“ “ H‘U ‘I/ ‘ H “ | ) "} case 'memPoly’ % Memory polynomial
| W u ‘U \| |‘ ‘ V xrow = reshape((memLen:-1:1)" + (@:xLen:xLen*(deglen-1)),1,[1);
1 v L ®Wec = (@:xLen-memLen)’ + xrow;
P ATV A VA AAN AT RV

0 01 02 03 04 . 05 06 07 08 09 51 wee = xPow(xVec); 4] Figurel =N =
me (¢) 1o case 'ctMemPoly® % Cross-term memory polynomial fle i Vien Insert Tooks Deitop Window Help :
. i RIS A=
& Figure1 =l ] absPow = (abs(x).~(1l:deglen-1}); power Gain Trarafor Fumcti
ower Gain Transfer Function
File Edit View Inset Tools Deskiop Window Help ~ partTopl = reshape((memLen:-1:1}"+{@:xLen:xLen*{deglen-2)),1,[1}; 40
NI ARG EL- |G| 0E | nD topPlane = reshape(
Power Gain Transfer Function [ones (xLen-memLen+1,1),absPow( (B:xLen-memLen)' + partTopl)].', L
o 1,memLen®{deglen-1)+1,xLen-memLen+1) ; g
o sidePlane = reshape(x((@:xLen-memLen)' + (memLen:-1:1)).', §
. memlen,l,xLen-memLen+1); % i In Dut
S X cube = sidePlane.*topPlane; Ge
é ,— x\Wec = reshape(cube,memLen® (memlLen®(deglen-1)+1),xLen-memLen+1)."; | é
g 4§ end §
£ A Memory Poly
E] coef = xVec\y(memLen:xLen);
- - . itp|
§ a_coef = reshape(coef,memlLen,numel{coef)/memLen); ST o s 0r os vs 0 os o
Input Voltage Absolute Value(V)
10 ‘ | - -
| t PA model for circuit
6
. i i
o 01 0.2 03 04 05 0.6 07 08 09 1 5 ‘T| ‘ ‘
Input Voltage Absolute Value(V) I Y#
|
|

Voltage (V)
=
-]

envelope simulation

©
T
—=
s
-
—
—e—

2‘® l&\ } u
ni.com i | f | l




nl

ni.com

Why Is static DPD modeling not enough for 5G systems?

Circuit Envelope for fast RF simulation

Low-power RF and analog components
Up-conversion / down-conversion

Antenna load

Digital signal processing algorithm: DPD

Amplifier|

[F=5 ECR =)

4] Spectrum Analyzer TX

File Tools View Simulation Help

= - a-|[ =

\

- ® K@

f Aoty

4\ Constellation

=l File Tools View Simulation

@-a k@

Help

T=0.000287

dy ample Ready
DPD
sl—ws. RFE IR D;Dut
Out Lt L [
L
y ut In Put 1 bl 1
Baseband Signal # In f o S
Generation . Out > L ey
¥ Coef im s RFHIn [>Dut SSrection
25:1] * IQ Modulator ~ Power Amplifier Directiong S-parameters
DPD Upconversion Coupler Antenna
to 2.4GHz
AmplifierQ
PA, [ — Cutport_IF Demod =
Coef
[25x1] Pa Out SL RF+—# Dut% In OukZ | In
]
Adaptive DPD
Coefficient Calculation Demodulator LNA

RPEM algorithm

RF

Downcoversion
to 50MHz
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NI PXI Setup for PA Characterization with DPD & ET Algorithm Running
iIn MATLAB

4\ METLAB R2015s

PXI Chassis

PUSLISH

Llc' ™~ B (QFndFles o et 3 fx Fgf - F_}j > ‘fﬁy |2 Run Section @
Open

New Op m‘-""""“"‘ E'aouo- mmﬁ.ﬂﬂ Bresickte U0 AR siwes i e
PXI Controller ! - fﬂ »5* u, ", b &Wi* oy w“x.«."',,,l"-.._m‘_

S DT[] C > Work

Current Folder ®
Name ~ dpd.m + {
High Speed Digital Digital MIPI RFFE Control - ldpd i function predistorted = dpd(xx, zz, ¥)
y 2= g = rms(y) / rms(zz);
/o
[/O & PPMU 3 - vy =v/ @
4= Y = [yy, yy."abs(yy), yy."(abs(yy))."2, yy."(ab=(yy))."3, yy."(ak
S - a= Y\ zz;
6 - predistorted = [xx, xx.*abs(xx), xx.®*({abs(xx)).”2, xx.*(abs(xx)}.
Premsmn SOLII'CC I U
s DCout
Measure Unit

. Stimulus
Vector Signal

Transceiver

RFout

Vector Signal Analyzer

Response

ni.com
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Qualcomm UK Uses MATLAB to Develop 5G RF NanoSemi Improves System Efficiency

Front-End Components and Algorithms for 5G and Other RF Products
Challenge Challenge
10x more waveform combinations in 5G than in LTE, Accelerate design and verification of RF power amplifier
making device validation much more complex and time- linearization algorithms used in 5G and Wi-Fi 6 devices
consuming Solution
Solution Use MATLAB to characterize amplifier performance,
Use MATLAB to simulate hardware-accurate Tx and Rx develop predistortion and machine learning algorithms,
paths to predict system performance and optimize and automate standard-compliant test procedures
design parameters. Results
Results = Development time reduced by 50%
= Fully model RF transceiver and components = |terative verification process accelerated
= Securely release sensitive IP = Early customer validation enabled

= Eliminate the cost of developing separate test suites

“With MATLAB, our team can deliver
leading-edge IP faster,enablingour
customers to increasebandwidth,
push modulation rates higher,and

reduce power consumption.”

Sean Lynch NanoSemi linearization IP development Nick Karter

Qualcomm 5G RF front end prototype Qualcomm UK, Ltd. and verification using MATLAB. :
ni.com NanoSemi

“We use MATLAB models to
optimize and verify the 5G RF
frontend through allphases
of development.”
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Development of Radar Systems with MATLAB & Simulink

4 Radar Systems A
é ] N f N
Environment ) ) )
Antenna/RF Signal Processing Data Processing
Scenes
Scenarios
\ Jj
’ ‘ ‘ Development Platform ’a nl
ni.com
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Summary: Support Full Radar Life Cycle

Concept Systems Design Operations Data
Exploration Engineering and Test and Planning Analysis

Radar
Systems
Engineering

Radar
Scenarios
and Data
Synthesis

Multifunction
and Cognitive
Radar




== Radar Budget Analysis

Engineering

Stoplight visualizations and metrics TE toiii

StOp“ght chart — \*\\ ,mﬁm =

1
100 1 e =
' = = - == -
Pass ! — = =13
80 1 - =
walrn AutomotiveRadar o= " —
Fail = Cofectaex Range :
ol L .- Threshold Max Range Radar Link BUdget
8 Analysis
Z a0
=
w

Use the radarDesigner app to
perform radar link budget analysis.

SNR available at the input
L of the radar receiver

50 100 150 200 250 300 350 400 450 500
Target range (m)

Open Live Script

. Metric Units Threshold Objective AutomotiveRadar
Max Range km > 0.25 03 03 ¥
M et res MinDetectable Signal | dBm _ ~ P a0 = Pass: measurement meets
minimum detectable Slgnal (MDS) Min Range m v 3e+03 15e+02 07 objective
EIRP Unambiguous Range km v 025 03 75 7
. . Range Resolution m e 2 5e+02 1 5e+02 05 4
range and Dopplerambiguity FitBindSpecd s » w 2 4
resolutlon accuracy Range Rate Resolution mis 1 02 015 +
! I Range Accuracy m i 1 05 054 A
track probabilities MamunAccuay  |deg v 0 “ o
Elevation Accuracy deg  ~ 30 15 14 4
Range Rate Accuracy mis 5 3 016
Probability of True Track 095 099 19
Probability of False Track 1e-08 1e-12 11e11 & L . 5
| Effective Isotropic Radiated Power MW 36.06 34e.06 32006 4 Warn: violates objective but
ni Power-Aperture Product |KW-m? 38609 4e-09 3909 4 meets threshold




Simulating Clutter Returns
Test signal and data processing algorithms

Land and Radar Radar
Sea Surface Reflectivity Surface
Models Models Return

Measurement
| evel

Power Level Waveform Level

ni.com
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Mu
and Cognitive
Radar

Itifunction

Radar Application

PRF, frequency and waveform agility

Closing the signal processing loop

Change signal processing chain when an event is detected -

= frequency hoping R
= PRFselection M RAA /A N\
- Waveform SeIeCtlon (T|=1/PRF1)( T il T1 ” T2 = 1/PRFz T2 . T2 ’ g High PRF
= efc.
Controller Radar
¥ —E:H_'
| PRFIdx Rectangular Y - Transmitter
TR
|l—_| | Pulse waveform
[rarget1Pos] >4——{Pos ) r
[ Platf Ref
Torgetivel] >a—ve NOT
PRE -
Selection
F
| “ Signal P Recsiver  ~ |
lgna rocesslng Pn‘._hamp TR ‘

Matched Filter and Recaiver Noise

Pulse Integration

Puise Compressed Signal

g ? 5 ? 3 " 2

.* Rarge fum)
Frequency Agility in Radar,
Communications, and EW
Systems

Model frequency agility in radar,
communications and EW systems to
counter the effects of interference.

Open Live Script

=) PRF Agility Based on Radar Detection

" Copgh 7018 Tre Mt T
PRF Agility Based on
Target Detection

Model a radar that changes its pulse
repetition frequency (PRF) based on
the radar detection.

Open Model

Fraquency Apility for Radar, Communicalions, and EW

Interference Mitigation
Using Frequency Agility
Techniques

Model frequency agility technigques
to counter the effects of interference
in radar, communications, and EW
systems.

Open Model

Waveform Scheduling
Based on Target Detection

Model a radar that changes its pulse
repetition frequency (PRF) based on
the radar detection.

Open Script
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Al for Radar

W

B Ba — - @ 5 & E B = «
- g e — — '-._. e
= (1
| L U
I‘IT'_P & i r
(- f
Wi i
e S~ I =
o = - —
| | B e e
== r . L ST Tm
7 A —— =
I,"- r LI -— s - -

Lébeling Radar Signals
with Signal Labeler

Label the time and frequency
features of pulse radar signals with
added noise.

Open Live Script

A4 .

Radar Target Classification
Using Machine Learning
and Deep Learning

Classify radar returns using machine
and deep learning approaches.

Open Live Script

Frequency {(H2)

02 04 0s o8 1 12 14 16 18

‘ Time (s)
-,

Pedestrian and Bicyclist
Classification Using Deep
Learning

Classify pedestrians and bicyclists
based on their micro-Doppler
characteristics using a deep learning
network and time-frequency

Open Live Script

Frequency (MHz)
o 3

Radar and
Communications
Waveform Classification...

Classify radar and communications
waveforms using the Wigner-Ville
distribution (WVD) and a deep
convolutional neural network (CNN).

Open Live Script



nl
Software Setup for Radar Prototyping

Software stack 23 GHz* VST with up to

2 GHz Instantaneous BW

. . * 26.5 GHz available in H2.2023 i@
MATLAB Example Code Application U

NI.Receiver NI.Transmitter MATLAB = ®)
System Object System Object g
RFESA.dII RFSG.dII LabVIEW

RFSALabVIEW RFSG LabVIEW
Wrapper Wrapper

RFSA Driver RFSG Driver

Hardware

PXle Vector Signal Transceiver

ni.com
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Software Setup

Call sequence from MATLAB

Use NI.Transmitter and
NI.Receiver MATLAB system

Use MATLAB Objects to generate and acquire
Phased Array Toolbox to signals. Repeat this section
generate the desired waveform multiple times for higher
for transmitting resolution

Instantiate Instantiate Transmit Signal

NI. Transmitter NI.Receiver Waveform Acquisition

Use NI.Transmitter and With MATLAB Phased Array
NI.Receiver MATLAB System Toolbox to calculate and
Objects, to instantiate RFSA display range-doppler map using
and RFSG device with the the acquired IQ data array
desired parameters

ni.com
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23 GHz* VSA with up to
2 GHz Instantaneous BW
* 26.5 GHz available in H2.2023

PFI O (Trigger / Event)

High speed serial interface

MGT - 16 lanes @ 16 Gbps

Full Rate (2 GHz BW) IQ Data Streaming to
NI FPGA Co-processor

(Available H2.2023)

Integrated RF Signal Chain Pulse Modulation
Allows for optimization of On/Off Ratio
versus pulse width

_ (Available H2.2023)
ni.com

f A,/W

' b
N ®
PXle-5842 p PXle-5655
Vector Signal Transcel ef Dual RF Synthesizer

ACC ACTIVE
RFIN RF OUT ALLRF PORTS SO0
P

ﬁ

[/ $

\ = /4

ALL RF PORTS 500

M A RFOUT W
= —— —

PULSE

-
out
T

PXle-5842 Vector Signal Transceiver | Overview

23 GHz*VSG withup to
2 GHz Instantaneous BW
* 26.5 GHz available in H2.2023

High Performance Dual LO Synthesizer
Unique LO chains for RF Out and RF In (from
PXle-5655)

Multi-Instrument Synchronization

Expand channel count with phase coherency
LO / REF-sharing and TClk sync across the PXI
backplane

Small Footprint
Requires only 4 PXle slots
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Building
Multichannel Radar
Prototyping Testbeds

ni.com




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

\

S e

_H
Phase-Coherent MIMO CPU and GPU Processing Open-Source Documentation Helps
RF with USRP SDRs for Cognitive Radar Software Control Users Get Started Quickly
i e Server i | Open-Source Reference | User Manual, GitHub
| ¢ L0 > : Software, GitHub :
{ SHARING ]
User- | HBcREy Exampies Bill of Materials
Definail Network : _
RF ihtekicno Setup Debug i | | Assembly Instructions
Front § i
GPU (PCle Gen 4 Ports) g :
8  Network System Specifications
Interface :
SYNCHRONIZED USRP Driver
N32X NETWORK THIRD-PARTY SERVER
B n1 cots HARDWARE AND SOFTWARE [} FROM THIRD PARTY USER-DEFINED ITEMS [ ) DOCUMENTATION AND OPEN-SOURCE SOFTWARE

ni.com
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Interfacing MATLAB to OARER

<

.

Set frequency,
bandwidth, # samples Open-Source

Software Control
Open-Source Reference
Software, GitHub

MATLAB

Library Examples

I/O Pipes Setup Debug

Network

Interface Ubuntu

Driver

20.04

ni.com
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Processing and Visualization in MATLAB

tf-a:J

-
5
o
a
! o
o
b
@

Range (meters)

Power (dB)



"W COTS-Based Active and Passive SAR/ISAR Radar Design
and Tests

“One of the most challenging parts of
developing any radar system is digital
signal processing. In our applications
we used real-time SAR processing for
an active FMCW radar system and
offline processing for passive
SAR/ISAR imaging implemented with
The MathWorks, Inc. MATLAB®
software.”

- Dr Piotr Samczynski, Warsaw
University of Technology Institute
of Electronic Systems

ni.com
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Deep Learning with Signal Classification

! s 4 See the demonstration live in the Aerospace
| il Zone in the Experience Lounge

ni.com




Signal Classiication with Deep Learning

Generate Training Data Tran and Evaluate Software Test Hardware Test

Data Folder | TramningData Network | net30 72 mat Load Network USRP Present
] Sample Rate(MSPS)

Sig-1 |NR_frame 5bb
Center Freq(GHz)

Sig-2 | RADAR frame 2 bb

c ) Rx Gain(dB
Browse C) Rx Gain(dB)

Ix Gain(dB)
~ (1
Generate Classify and Label

True Labels

Input Spectrogram Spectrogram after Signal Classification
= ==
. b O 4P P o o7 z e p 3

Predicted Labels

Time(ms)

S TL LA Ltz shtels i

716

Freq(MHz)

904 AM

-
5/24/2023
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Electrical / Computer Engineering Education




nl
NI USRP-290X B-Series Overview

Specs

 Low-cost, all-in-one solution

Frequency Range: 70 MHz — 6 GHz

50-100 mW output power
USRP B200 / NI USRP 2900
« XC6LX75 FPGA
« 1 TX & 1RX Half or Full Duplex
« Up to 56 MHz RF Bandwidth
« USB 3.0 Interface, bus powered
« 12-bit ADC & DAC
USRP B210 /NI USRP 2901
e XC6LX150 FPGA
« 2 TX &2 RX Half or Full Duplex, Coherent
« Up to 30.72 MHz RF Bandwidth in 2x2
« USB 3.0 Interface, External
«  MICTOR, JTAG, and GPIO connectors

Applications
FM, TV Broadcast
Signals Intelligence

Communications Research

ni.com
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Teaching Wireless Communications with USRP
. _

“More than four out of five
students, 82 percent, said that in
the future they would like to make
use of the USRP"

Robert Maunder, University of
Southampton

“In lab assignments, we could
really test out the theory and gain
a deeper understanding of how
communication systems work.”

Student, Rutgers University

ni.com
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Transforming Wireless System Design with MATLAB and NI

Wireless Standards

" Design, analyze, and test standards-
v/ | based 5G, Wi-Fi, LTE, satellite

Digital, RF, and Antenna Design

(((T)) Jointly optimize digital, RF, and antenna

components of an end-to-end wireless
communications system.

Radar Applications
Simulate multifunction radars for

automotive, surveillance, and SAR
applications. Synthesize radar signals to
train machine and deep learning models
for target and signal classification.

communications, and Bluetooth systems.

Al for Wireless

Apply deep learning, machine learning,
and reinforcement learning techniques to
wireless communications applications.
Hardware Design, Prototyping, and Testing
.(—=. Implement and verify your designs on
. - hardware. Test your algorithms and

===® designs over-the-air with RF instruments
and SDRs.

Hands On Learning

Jump-start learning online or in the
classroom. Download interactive teaching
content developed by MathWorks and
educators from leading universities.
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Give us your feedback!

Quick 2 Question Survey

In the mobile app,
click into the
session you would
like to provide
feedback for

10:15 AM
11:15 AM

10:15 AM
11:15 AM

10:15 AM
11:15 AM

| 10:15 AM

11:15 AM

10:15 AM
11:15 AM

Tue May 23

Y Q

MAY MAY

22 24
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