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“What’s New in MATLAB and Simulink for Signal Processing”
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A few words about “What’s New?”

Detalls



A few words about “What’s New?”

Signal Processing Toolbox Release Notes
Bug Reports  Bug Fixes

RF Toolbox Release Notes

Bug Reports  Bug Fixes expand all in page
~ R2016a
New Features, Bug Fixes

» Gap Filing: Reconstuctmissing Antenna Toolbox Release Notes
» Changepaint Detection: Find abr

dall

Bug Reports  Bug Fixes expand all in page

SimRF Release Notes
Bug Reports  Bug Fixes

v R2016a
New Features

Release Notes!

Bug Reports  Bug Fixes exgp

expand all

~ R2016a
New Features
> Automatic Testbenc|

figure and IP3 of ca
» Analog Devices RF i fieldsCustom

and receiver

terized geometry

» Differentiate a signal using the dsp.Differentiator System object and Differentiator block
» Play audio data using the audicDeviceWriter System object and Audio Device Writer block

~ R2016a
» Specify coefficients in IIR Halfband Interpolator and IIR Halfband Decimator Blocks and System objects

New Features
» VSTplugin generation for cigial ad | TE System Toolbox Release Notes
» Interfaces to ASIO, ALSA, CoreAudit

> Interfaces to MIDI controls for real-tit

ock

1dsp.AllpassFilter System object /i

Bug Reports  Bug Fixes expand all in page

se System object
uad Filter

)and Synthesis Filters

» Audio processing algorithms, source + R2016a

» Audio test bench to automatically ge ~ New Features, Bug Fixes

> Release 12 Alternative Codebook: Model CSI reporting with Release 12 alternative
codebook, optimized for Multiuser-MIMO applications

expand al
> Support for C code generation

» Support for MATLAB Compiler
» Release 10 and 11 DCI Message Enhancements: Create, decode, and search for all

DCl messages for LTE Releases 10 and 11

» Fixed Reference Channel A.11-1 Waveform Generation: Create waveforms with TTI
bundiing and Release 12 enhanced HARQ patterns for Vol P applications

» EPDCCH Channel Estimation: Estimate the channel for EPDCCH equalization and
reception ™ block

» Enhanced System Upject Uevelopment with MATLAB Editor
* Functionality being removed ,&\.

Signal Processin
Audio
Antenna to Bits

WLAN/LTE

Image and Video
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Signal Processing Engineers...
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Signal Processing Engineers...

k = 20;
max = 40;

~]for k=1:max;
XFFT = ff
xfft = ab

A

Develop algorithms

Analyze data

write MATLAB code.
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Signal Processing Engineers...

Simulation  Analysis

a e @

Run simulations

Model systems

build Simulink models.
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Signal Processing Engineers...

combine MATLAB code and
Simulink models together.



Signal Processing Engineers...

47

!

/

.

C

generate code.

4\ MathWorks
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Signal Processing Engineers...

connect software to hardware.

15
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General trend... | Idea to implementation

47,

{ Peripherals’ 'thryp_toEIngine'
DSPAcoskerator | SoftiCore |

16



4\ MathWorks
Increased support for code generation and fixed point design

Functions and Objects Supported for C and C++ Code Generation — Category List
You can generate efficient C and C++ code for a subset of MATLAB® built-in functions and toolbox functions, classes, and System objects that you call from MATLAB code. These functions,
classes, and System objects are listed by MATLAB category or toolbox category in the following tables.

A=
o in MATLA
; processin9 s
sign3

FuncﬁO“

chol

£reaspace

ifft

ifftz

jFFED

17



Optimized libraries for DSPs

ARM Cortex-M and ARM Cortex-A Optimization

R2016a

The DSP System Toolbox™ supports optimized C code generation for popular algorithms like FIR
filtering and FFT on ARM® Cortex®-M and ARM Cortex-A processors.

| 2 Configuration Parameters: modell/QuickStart 50016_4_4_16_8 5153 (Active)

% Commaonly Used Parameters | = All Parameters |

Select:
Salver
Data Import/Export
o Qptimization
> Diagnostics
Hardware Implemeantation
Model Referencing
Simulation Target
4 Code Generation
Repart
Comments
Symbals
Custom Code
Interface
Code Style
Verification
Templates
Code Flacement
Data Type Replacement
Memuory Sections
» HOL Code Generation

Hardware board: [Hme x|
Code Generation system target file; erf.tlg

Device vendor: lw m '] Device

¥ Device details

AMD

ARM Compatible
Altera

Analog Devices
Atmal

Freescale

Infinean

Intel

Microchip

NXP

Renesas
STMicroelecironics
Texas Instruments
ASIC/FPGA

Custom Processor

Software environment

4\ MathWorks

Support: 1) flosting-point "hm
GCC ARMS

MNoneg
Shared code placement: | - Fog autensione
AUTOSAR 4.0
[¥] absolute time
GOC ARMSE
Code interface GCC ARMLO
GCC ARML1

Code interface packaging: E
7] Suppress error status in

GCOC ARM Cortex-M3
GCC ARM Cortex-R4
GCC ARM Cortex-AS

[Cunﬁgu‘i Model Functions

GCC ARM Cortex-Ag
GCC ARM Cortex-A9

Data exchange

| XPC_BLAS

g signals

TIThird Party Networ
VMember

DSP

TEXAS INSTRUMENTS

18



Some interesting additions...

Changepoint Detection

Find abrupt changes and statistical shifts in signals

Number of changepoints = 5
Total residual error = 5732.1557

= Determine “interesting” areas of an input signal
= Statistics supported
— Mean 1300
— Variance
— Mean and variance
— Linear Regression

1320

1280

1260

1240

1220

1200

>> load('engineRPM.mat','x')

>> findchangepts(x,'Statistic', 'linear"', 'MinThreshold',var(x))

Gap Filling

Reconstruct missing samples using autoregressive modeling

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

= Allows finer prediction for many input 25}
signals. Teeaeranet
= Automatic model selection via Akaike A | |

information criterion |
= Multiple gaps.
= Optionally model non-stationary signals

05 |

>> load clockex

>> x(29:42) = NaN; [ Ee— |
»» fillgaps (x)

‘ ©  sampled signal 1
| reconstructed signal

40 50 60 70 80

Dynamic Time Warping
Stretch, align and compare signals with different time scales

Compare and align trajectories between two

signals in space ‘
9 p Original Signals

= Obtain a measure of similarity of two signals
trajectories.

= Optional time alignment
« Popular distance metrics supported:
— Euclidean
— Squared Euclidean
— Manhattan
— Symmetric Kullback-Leibler

1000

.
?
i
|

f

y

0 100 200 300 400 500 600 700 800 900 1000

>> x = chirp(0:999,0,1000,1/100);
>> y = cos(2*pi*5*(0:199) /200) ;
>> dtw (2.v)

Signal Analyzer App

Visualize and compare multiple signals

@\ untities” - Signal Anatyzer [&lE] &)

o) B Ld ] ceommen -
Omgirs  Cow Omomy Lagens | [ sanato Piwee
o Ao a2 15 v

Views Smane

mcno mon mun

1312001
4001x1

227101
277121
12880x1

Workspace
browser

Navigation pane

4\ MathWorks
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Signal Processing

Audio

Antenna to Bits
WLAN/LTE

Image and Video Processing
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Audio System Toolbox R2016a

Design and test audio processing systems

21
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2016

Audio System Toolbox

Design and test audio processing systems

Libraries of audio processing
algorithms and examples

« Low-latency audio streaming from and to standard
audio interfaces (e.g. ASIO, CoreAudio, ALSA)

™
a
=

= Live-tuning of MATLAB and Simulink
via Ul and MIDI controls

= VST plugin generation to run on
Digital Audio Workstations

22
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Audio System Toolbox

Prototyping for product development

’-------------------------

MATLAB
algorithm

\
Advanced prototyping

or production

Early validation
(listening tests)

classdef VolumeControl < AudioPlugin $4#codegen 'Tmbvmlmnmvwglm o] Aray Pl [alicis -
i @rec ] @ ~ | Fie Took view Pubssk Help B
properties bl

ouTPUT: [T [

% Public properties that are not constant and n
% become tunable plugin parameters and appear o
% dialog. A default value is required.

Volume = 1

Three-and Parsmatic Eqalizar

end

propertiea (Constant)
% Constant property 'DisplayName' specifies the
% displayed by the DAW.
DisplayName = ‘olume control'

Magrige (98]

% Appearance and display of plugin parameters i
% constant properties having the 'Display' suff:
name displayed on the dialog

units displayed on the dialog

minimum value

Frocsaang

maximum value
scaling law; one of {'lin' 'log' 'fader’'
scaling power (if law is 'pow')

G s VEASTR v Beh e e

ke i oo vt B e optcnn Actiors. s ek {Revita Madia e

P I )

% Volume faders ordinarily vary the gain

om 3
% silence (-inf dB, or 0V/V). Here the maximum

% The 'fader' law is cubic, which closely mimic:
% controls.
VolumeDisplay = BRudioPlugin.paramDisplay('Volum
end
metheds
function out = process(plug, in)

% Processing to be applied to each frame of
% Plugin input and cutput parameters are al
% channel; use multiple parameters to get

% Frame size is not fixed, and may vary fro
% Thus arguments will always be var-sized ci
% This method runs in the high priority aud.
% thread, so be as efficient as possible.

’--------§
\---------

~------------------------‘



Audio System Toolbox

Use cases summary

- Desktop prototyping and listening tests
— Pain: prototyping costly and time-consuming

4\ MathWorks

NNNNNN

— Solution: real-time audio streaming in MATLAB and VST plugin generation

= Real-time custom measurements and signal analysis

— Pain: test & measurement equipment not available or not customizable

— Solution: real-time audio acquisition and unlimited custom analysis

= Audio algorithm design
— Pain: re-inventing consolidated algorithms time-consuming
— Solution: libraries of audio processing algorithms and examples

MMMMM




Audio System Toolbox

Product ecosystem

- Requires
— MATLAB
— Signal Processing Toolbox

— DSP System Toolbox

= Supports
— MATLAB
— Simulink

— C/C++ Code Generation

Audio System Toolbox

4\ MathWorks

& Array Plot = |[Bs
File Tools View Playback Help ~
Q-Qdam

Three-band Parametric Equalzer

& Audso Test Bench: MATLAB_EQ) [eq]
O@PBC ZANE® O

LU TLVL R udio File Reader -

~ 2

e LU LR 2udio Device Writer 7
2

2

-

&

3

=

N 10° 10? e J —[
Frequency (Hz)
Procsasing —=— e

4 Audio System Toolbox
Dynamic Range Control

Effects
Filters

Sinks

Sources

» Communications System Toolbox
» Communications System Toolbox HDL Suppc
» Computer Vision System Toolbox
Control System Toolbox
> DSP System Toolbox

Ll
=i | = | = == | = | = G =3 e = g | =

Simulink

Dynamic Range
ompressor

Dynamic Range
4 M pander

Dynamic Range

Dynamic Range

Compressor Expander
Dynamic Range Dynamic Range
Ak © It
Dynamic Range Dynamic Range
| Gate Limiter
I
) SingleTrack [modified] - REAPER v5.03/x64 - EVALUATION LICENSE (= &=

File Edit View Inset kem Track Options Actions Help  [Resize Media ltems]
[44.1 kHz 24bit WAV : 2/2ch 1024spls ~57/213ms DirectSound]

VST: MATLAB_EQ - Track 1 "RockDrums48kh:

Mo preset

MATLAB_EQ

Low Peak Gain
Low Center Frequency
Low Q Factor
Medium Peak Gain

Medium Center Frequency

Medium Q Factor
High Peak Gain

High Center Frequency
High Q Factor

2000
1252048
263.045 Hz
5865
-0.160 dB
8670.218 Hz
2000
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Antenna to Bits
System Design and Modelling

-

Communications Systems

((é))

" Digital ||
Baseband

DAC J‘ RF J

+ System Partitioning
* Link Budget Simulations

+ System Integration

((é))

[ | Digital
L i3 J anc JLBaseband

)

+ Elaborating RF Architecture
+ Component Simulation

* RF Subsystem Simulation

~

4\ MathWorks

Radar / Sonar / Sensor Arrays \

27



Antenna to Bits
System Design and Modelling

Antenna, Antenna arrays
type of element, # elements, coupling, edge effects

AN

e Antenna Toolbox

* Phased Array System Toolbox
v

« Communications System Toolbox

Mixed-Signal

Continuous & discrete time

N

Simulink (Simscape)
DSP System Toolbox
Control System Toolbox

« Phased Array System Toolbox « SImRF
/  RF Toolbox
Channel RF Impairments

interference, clutter, noise

b AD

il DAC

4\ MathWorks'

Algorithms
beamforming, beamsteering,

MIMO /

Phased Array System Toolbox
Communications System Toolbox

/

+— DSP

frequency dependency, non-linearity, noise, mismatches

 Phased Array System Toolbox
* Instrument Control Toolbox

N

Waveforms



Antenna to Bits
System Design and Modelling

Antenna, Antenna arrays
type of element, # elements, coupling, edge effects

AN

e Antenna Toolbox

* Phased Array System Toolbox
v

« Communications System Toolbox

Mixed-Signal

Continuous & discrete time

N

Simulink (Simscape)
DSP System Toolbox
Control System Toolbox

« Phased Array System Toolbox « SImRF
/  RF Toolbox
Channel RF Impairments

interference, clutter, noise

b AD

il DAC

4\ MathWorks'

Algorithms
beamforming, beamsteering,

MIMO /

Phased Array System Toolbox
Communications System Toolbox

/

+— DSP

frequency dependency, non-linearity, noise, mismatches

 Phased Array System Toolbox
* Instrument Control Toolbox

N

Waveforms
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Antenna to Bits
System Design and Modelling

Antenna, Antenna arrays
type of element, # elements, coupling, edge effects

AN

Antenna Toolbox
Phased Array System Toolbox

2 Y soc le—L—] Dsp
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o (B8 Hel x|

E!\e ,.\ View Inser.\ Tools ﬂ.eskwp Window .ﬂe\p L o i ~

DEdL bR 09RA- 2|08 =D

I l elll la OO OX N2 Ad %+ ke 9 0DLO
s Current distribution

35

o0

Design, simulation and integration

- Easy design
— Library of parameterized antenna elements
— Functionality for the design of linear and rectangular antenna arrays
— No need for full CAD design

(ESS EEE o

- Rapid simulation setup
— Method of Moments field solver for port, field, and surface analysis
— No need to be an EM expert

= Seamless integration
— Model the antenna together with signal processing algorithms

— Rapid iteration of different antenna scenarios for radar and
communication systems design
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Antenna Toolbox

Library of Available Geometries

(2= HoE

ew Insert

Fle Edit View Inset Tools Desktop Window Help
DG R AAUDEL- B0 D

= Dipole antennas
— Dipole, Vee, Folded, Meander, Triangular bowtie, Rounded bowtie SR—

File  Edit Insert Tools Deskiop Window
NESHS | MR EL- || [

= Monopole antennas

rrrrrrr

— Monopole, Top hat, Inverted-F, inverted-L, Helix

Inset Tools Desktop Window Help
LAUBEL- 2 0E

monopoleTopHat antenna elem)

= Patch antennas )
— Microstrip patch, PIFA ST IS 1T FHC LT LT S—

= Spirals
— Equiangular, Archimedean |« » o s v

helix antenna element

it View Insert Wi

File Tools Desktop Window  Helj
Dagde | MR OBEL- & 08

= Loops
— Circular, rectangular

iy i x(m) -0.02 o
oo o

ew  Insert

Flle Edit View Insert Tools Desktop Window Help
NEES KRR OBPEL- 2|08 8D

= Backing structures
— Reflector and cavity
= Other common antennas
— Yagi Uda, Slot, Vivaldi, Biquad, Horn

32
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Antenna Toolbox

Custom Antenna Element Design

= Define your custom planar structure Trower | i
- Define the antenna geometry using PDE Toolbox i
= Define the mesh using MATLAB
delaunayTriangulation |

= Use third party tools to generate a mesh structure

= Import 2D mesh with Antenna Toolbox

(1] 0.005 0.0m 0.015 0.02
*{m}

— Define the feeding point

— Analyse the antenna

33
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Antenna Toolbox
Dielectric Substrate Modelling Free space (isolation)

[ Figure1 S [=]=
P ~

View Insert T Window  Hell

File Edit View Inset Tools Desktop
DEde | kRN EL-S|0HeDO

= Antenna are often mounted on substrates

= Dielectric properties:

Alr 1 0 “metal” antenna
Other >1 (typically <10) >0 (typically ~1e-3) (ideal conductor) &

S

(=8 e R

Window

Edit Vi nsert  Tools  Desktop Help
DEEHS AN RODEL- |08 0D

pifa antenna element

= Dielectric properties affect resonance, bandwidth,

TTTTT
ggggggg

nnnnnnn

efficiency, pattern ...

= Use the dielectric catalogue listing existing materials

= Define your own dielectric material

Dielectric substrate 34
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From antenna element to antenna array...

35
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Phased Array System Toolbox - —
. NEdS KA UDEA- 2| 0H aD
Array Antenna Design s il
o Directi i
e 22 96
; 120
>> a = linearArray
150 30
>> a.BElement = p;
180 0
>> a.ElementSpacing = 0.1;
210 330
>> a.NumElements = 4;
240
>> layout (a); o I

File Edit View Inset Tool
NEEs | s|RAODEL- |G| 0E =D
MK P aad2lctev 9 0D LY

>> patternElevation(a, 1.606e9,0);

36
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Phased Array System Toolbox

Custom Array Antenna Design

o1 B
-

Wil

File ools  Desktop. ndow Help
NEde | MARANPRL- |2 0E aO

it View Insert T

= Build regular arrays where you can change the properties of
individual elements (rotation, size, tapering)

= Describe conformal (heterogeneous) arrays in terms of a
element type and arbitrary position

(4 Figure 2 [
0.002

Wil

File Tools Desktop  Window  Help
DEEHS KRR ODEL- |08 | 0O

it View Insert

>> arr = conformalArray;
>> d = dipole;

(E=8 Bl 53

Fw  Insert T Wil

4 x(m ools Desktop Window Help
-02 08
yim) | RROBDEAL- S 0E O

>> b = bowtieTrilangular;
>> arr.Element = {d, b},
>> arr.ElementPosition(l,:) = [0 0 0]; -
>> arr.ElementPosition(2,:) = [0 0.5 0]; M

ctangularArray of dipole antennas
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Phased Array System Toolbox 2016

Model effects of quantized phase shift values on array patterns and responses

. . . ant = phased.ULA(4);
= Many phase shifters in real systems are quantized v = phased. SteeringVector ' Sensorarray” ant)
wl = step(sv,3e8, [20;10]1);
- release{sv);
= Allow customer to quickly see the effect of phase v mnEhasesni frerpits = 37
. . . we = step(sv,3e8, [20;10]);
shifter quantization = sv.rropasat ionspeed;
pattern{ant,3e8,-180:180,0, "Propagationspeed’, c, "Weights', [wl w2], ...
"CoordinateSystem', "rectangular’);
legend{'Ideal Phase Shifter', ...
"guantized Phase Shifter’, 'Location', "Best')

ESemsorArrayAna\yzer E@
File Help -~
Q< OO
y Wrare) ol
Unife Li -
(AT 1 g File Edit Wiew Insert Tools Desktop Window Help »
-3 ¥ A\ Y = 4y J5) .
Element Type: lsotropic Antenna - _j o H 2 [} e @ 'la 9': @ D ] E
BackBaed: [ Azimuth Cut (elevation angle = 0.0') o
MU | - T A‘z|muth Qut (elev‘atmn angle = 0.lI] )
Elco g 10
I ovtay Ay - I
o
o ol
Propagation Speed: 3e+08 mis
Steering _10
Steging Anglec: [20,0] dog = -10 |
I Phage Shift Quantization: 3 bits ] 5 E
=-20 T
] = -2
b B =
Al i 8 :
[l =]
7 ¥ Visualization Settings a =0 3 a0t
(=
iew: 2D Array Directivity - [m]
Cut Type: Azimuth Gut-Line - 40 »
Cut Value: 0 deg ) -
— Ideal Phase Shifter
F ¥ Array Characteristics a _50 300MHz:20 Az 0 EI; 3-bit Quantized 5ok — Quantized Phase Shifter
Array Directivity 5.88 dBi at 20 Az O El —-—-- 300MHz:20 Az 0 EI; Reference
Array Span ¥=0m y=1.5m z=0m | [
Number of Elements: 4 -200 -150 -100 -50 0 50 100 150 200 60 -
Azimuth Angle (degrees) a - - - - - L L
-200 -150 -100 -50 0 50 100 150 200
Azimuth Angle (degrees)
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Antenna to Bits
System Design and Modelling

Antenna, Antenna arrays
type of element, # elements, coupling, edge effects

AN

Antenna Toolbox
Phased Array System Toolbox

2 Y soc le—L—] Dsp
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Antenna to Bits
System Design and Modelling

Antenna, Antenna arrays
type of element, # elements, coupling, edge effects

AN

Antenna Toolbox
Phased Array System Toolbox

- W soc |2t

DSP

Ve oac -~

SImMRF
RF Toolbox

RF Impairments
frequency dependency, non-linearity, noise, mismatches

4\ MathWorks'

40
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RF Toolbox revloa

RF Budget Analyzer

Add RF components Export to SimRF RF Cascade
= Analytically compute gain, noise figure, and N\ / /

|IP3 for cascaded RF components

S e | ==
FILE | DELETE | ADD ELEMENTS | EXPORT

£
. . Input frequency: 10 GHz 'j S11512 11512
= Specify components in terms of data sheet lsus
Signal bandwidth: |5.9958 MHz -: RF_Fiter LNA Demodula... IF_Fiter IF_Amplifier
Stage 1 2 3 4 5
parameters and S-parameters onim | [ [ [ [ [
NF (d8) 2583 19 54 0.1395 6
Netme: |LNA . OP3(@Bm) Inf 21 Inf Inf inf
Available power gain: 12 dB E
4 Cascade 1 1.2 1.3 1.4 1.5
Noise figure: |1.9 a8 Fout (GHz) 10 10 0.07 0.07 0.07
OP3: 21 dBm Pout (dBm) -100.4 -88.35 -94.35 -94.49 7449
GainT (dB) 2854 9.146 3146 3.006 2301
£ou Bpecance: 150 o NF (d8) 2583 4581 5013 5035 6702
- . . Output impedance: S0 Ohm OIP3 (dBm) Inf 21 15 14.86 34.86
= Analyse the RF chain taking into account e | | i e e
. 7 .~

impedance mismatches \ \

\ N
Component specifications Cascade Budget Analysis

41
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RF Toolbox 2010

RF Budget Analyzer | Export to Sim RF

= Automatic testbench and SImRF ¥ it - Simin Slel=

File Edit View Display Diagram Simulstion Analysis Code Tools Help

model generation using the RF . o
Budget Analyser App [t |

® |[Pajuntitied ¥

@
()
=+ RF
= Validate simulation results using
analytical computations .
p{SL  RF b @ 1 |50 2 :—.[>Q.rt ¢®\F—1 5 2 hDN»—RF E‘-L—M:, =-|l—|

= Rapidly get started with Circuit = o e
Envelope simulation R

Ready 103% VariableStepAuto

42
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Sim RF

Example | MIMO Front End with RF Beamforming

Estimation of direction of arrival
Transmit Array Channel :Ang;::eveh\:
N MER. Measurement . ]

P ] RF phase shifting

” I\.- ‘I o I.\._‘;'v " Eeamft Spectrum Rch.lljlst;latiun /
Antenna coupling and loading (S-parameters) = d
Antenna matching network e
RF and IF Filters described with Touchstone files ) o
IF demodulation with image rejection | = e
Non-linearity of the amplifiers | = =
Thermal Noise ] - 1 Lo

— S

RF phase shifting and signal combiners 43
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: R2016a
Sim RF
New and faster implementation of the AD9361 transmitter and receiver

AD9361

RF Agile Transceiver™
70 MHz — 6000 MHz Tumning range
200kHz — 56 MHz RF channel Bandwidth

ADC Peak
Overload

e

Hagw

Power [40 £

pectum
[#8Fg

LFF_RX ADC_RX

Output

http://www.mathworks.com/adi-rf

44
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Antenna to Bits

System Design and Modelling Mixed-Signal
Continuous & discrete time

4\ MathWorks'

Algorithms
beamforming, beamsteering,

4 A N MIMO )
Antenna, Antenna arrays — :
type of element, # elements, coupling, edge effects « Simulink (Simscape) * Phased Array System Toolbox
« DSP System Toolbox « Communications System Toolbox
AN « Control System Toolbox
* Antenna Toolbox \ /
* Phased Array System Toolbox N
s v RX W/ il /
{ ADC —+— DSP
N
W/ ]y
< DAC 7
( )
. /  Phased Array System Toolbox
« Communications System Toolbox _ « Instrument Control Toolbox
« Phased Array System Toolbox * SImRF
/  RF Toolbox \
Channel _ RF Impairments 45
interference, clutter, noise  frequency dependency, non-linearity, noise, mismatches Waveforms
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Signal Processing
Audio

Antenna to Bits
WLAN/LTE

Image and Video Processing

46



WLAN/LTE and beyond...

Evolution of Air Interface Technologies

4G
|

3GPP LTE, LTE-A
Rel-9

Mar 2011 Mar 2013 Rel-12

Mar 2015

IEEE 802.11 WLAN standards

802.11a 802.11b 802.11g 802.11n 802.11ac

Rel-13
Mar 2016

5 GHz 24 GHz 2.4 GHz 2.4 &5 GHz 5 GHz
54 Mbps | | 11 Mbps 54 Mbps 600 Mbps 7 Gbps

(1909 ] (1909 ] (2008 ] [ 2000 ] [ 2013 |

4\ MathWorks

-

5G?

5G
standardization

~

Requirements

* Higher data rates

* More flexible spectrum use

« Spatial resource

* Low delay & link adaptability
* Reliable service everywhere

Proposed enabling technologies

*  Massive MIMO
 Small Cell, HetNet

*  New Modulations

* New Frequency bands

Y




WLAN/LTE

Workflow/Use-cases of wireless designers

Signal Generation

VHT Frame

LSTF
— LLTF
LSIG

VHTSIGA

VHTSTF

0.06 0.08 0.1 0.12 0.14
Time (ms)

End-to-End Simulations

Signal Detection

LA 6 b 4 o o N w a

°

200 400 60{ 800 1000 1200 1400 1600

Measurements

"% Consteaton Dagram =@

Fle Tools View Hee
@- QA-8i- B 2

\

Packet successfully decoded!

4\ MathWorks

Packet detected

HW & Radio Connectivity

RF Signal Generator

48
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LTE System Toolbox

A )
- LTE and LTE-Advanced (Rel-8 through Rel-12) I.f e l@é
= Scope
— FDD/TDD T

‘‘‘‘‘‘‘

— Uplink/Downlink

— Transmitter/Receiver

= ~200 functions for physical layer (PHY) modeling

= Signal generation for LTE & UMTS
«  ACLR/EVM measurement

=  Conformance Tests
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LTE System Toolbox | More information...

&) United States » | ContactUs | How To Buy >
h & ¥
4\ Mal “rol kS‘ Accelerating the pace of engineering and science

= C O n S u It LT E P rOd u Ct P ag e Products  Solutions  Academia  Support  Community  Events  Company i

LTE System Toolbox

Simulate, analyze and test the physical layer of LTE and LTE-Advanced wireless commibnigaf

— WWW. m athWO rks ] CO m/p rOd u CtS/Ite _Svste m/ Overview  Festwrss  Code Examples  \ideos  Webinars  Related Products  What's New .
—_ P rOVi d eS Ove rVI eW Of LT E/ LT E _A Cap ab i | iti eS LTE System Toolbox™ provides standard-compliant functions and apps for the design,

simulation, and verification of LTE and LTE-Advanced communications systems. The system TRY OR BUY
toolbox accelerates LTE algorithm and physical layer (PHY) development, supports golden
. . N Contact Sales
O d b d reference verification and conformance testing, and enables test waveform generation. With the
- rg an I Z e a.se O n u Se = C as es system toolbox, you can configure, simulate, measure, and analyze end-to-end Product Trial
communications links. You can also create and reuse a conformance test bench to verify that
your designs, protofypes, and implementations comply with the LTE standard.

Product Trial

Pricing and Licensing

Key Features CS1 Reference Signal

(CSLRS)

What's New
LteCSIRS e
LteCStRSIndices f From Houman Zarrinkoub, LTE

System Toolbox Technical Expert

Design Verification

Consult Wireless Communications Page

Signal Generation and Analysis

Demeulaten Reference
Signal Information Recovery

Signal (OURS)

1enms  [OFERE]

Intreducing LTE System Toolbox

Conformance Testing » Email Houman

Product Qverview

— WWW. m athWo rkS . CO m/Wi re I eSS [}] Documentation  fx Functions  [£] Technical Aticles || Videos || Webinars Technical Resources

Support
=] Examples U
echnical Articles

— Provides overview of today’s MATLAB® for

User Community

Wireless System Design

Learn to Generate LTE Waveforms and Try LTE System Toolbox File Exchange
Build an End-to-End LTE Model

» Get trial software Link Exchange
» View course info

For detalls: Attend Recorded Webinar:
— “Introducing LTE System Toolbox”
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WLAN System Toolbox

- Physical layer (PHY) modeling
Standard-compliant functions for the design,
simulation, analysis, and testing of wireless LAN

communications systems

= Transmitter & Receiver

L-SIG, HT-SIG, VHT-SIG-A, VHT-SIG-B - Measurements
Packet detection, symbol timing correction ..
Coarse and fine frequency offset estimation Emissions
Preamble signal decoders for L-SIG, HT-SIG,

VHT-SIG-A, VHT-SIG-B fields - Features

— Open, customizable MATLAB code

- Propagation Channel _ _
— C-code generation with MATLAB Coder

— TGn, TGac
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WLAN System Toolbox

Hardware & Radio Connectivity

Baseband Waveform
Generation

4\ MATLAB
&
WLAN System Toolbox™

Generate
custom
waveforms

RF Signal Generation
Instruments

0

(1

Supported SDR
Transmitters

iy

b

Transmit with
SDR devices
or RF instruments

RF Signal Capture
Instruments

0

.

Supported SDR
Receivers

o

b

Capture signals
with SDR
or instruments

Baseband Waveform
Analysis

4\ MATLAB

&

WLAN System Toolbex™

Recover
original data

4\ MathWorks

Range of supported hardware

Spectrum Analyzer

-

Zynq Radio SDR

* -l -.-'[y/

USRP SDR
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WLAN System Toolbox | More information...

WLAN System Toolbox  rewsmcoucr

Simulate, analyze, and test the physical layer of WLAN communications systems

4\ MathWorks

= Consult WLAN Product Page
Oveniew Features Code Examples Related Products Product Trial
- WWW hwork /prod /wlan- /
= m at Wor S = CO m D ro u CtS W an SvSte m WLAN System Toolbox™ provides standard-compliant functions for the design, simulation
. . e analysis, and testing of wireless LAN communications systems. The system toolbox provides TRY OR BUY
_ P d f WLAN b I configurable physical layer waveforms for IEEE 802.11ac and 802.11n/g/a/b standards. It also
rOVI eS Ove rVI eW 0 Capa I Itl eS provides transmitter, channel modeling. and receiver operations, including channel coding, Comadsa_'les
modulation (OFDM, DSSE, and CCK), spatial stream mapping, channel models (TGac and Product Trial
_ Org anlzed based On use_CaseS TGn), and MIMO receivers. Pricing and Licensing
You can generate very-high-throughput (VHT), high-throughput (HT-mixed), and legacy (non-
HT) signals, and demodulate VHT, HT-mixed, and non-HT OFDM signals. You can also
perform measurements such as channel power, spectrum mask, and occupied bandwidth, and a What's New
= = = create test benches for the end-to-end simulation of WLAN communications links. If From Houman Zarrinkout
= Consult Wireless Communications Page | | »
The system toolbox provides reference designs to help you explore baseband specifications See videos and webinars
. and study the effects of RF designs and interference sources on sysiem performance. Using » Email Houman
-_ WWW_ m athWO rkS . CO m/WI re | eSS WLAN System Toolbox with hardware support packages, you can connect your transmitter and
receiver models to radio devices and verify your designs via over-the-air transmission and
. . y reception _
— Provides overview of today’s MATLAB® for Tecica Resources
Key Features upport
W. | S D . Signal Generation Technical Articles
I re e SS ySte m eS I g n Signal Measurement System Requirements
Link-Lewvel Simulation and Throughput Analysis. .
Radio Connectivity User Community
Open, Customizable Algorithms Answers
File Exchange
H H Link Exchange
- For details: Attend Recorded Webinar:

[l Documentation  fx Functions [E] Examples (& Hardware Support

— “Introducing WLAN System Toolbox”
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4\ MathWorks

Signal Processing
Audio
Antenna to Bits
WLAN/LTE
ﬁ Image and Video Processing
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Image and Video Processing

= Stereo Camera Calibration Rr2014b

= Lens distortion correction
= Rectification

= Depth estimation r2014a

= 3D Scene reconstruction

- Code generation R2015a

R2014a

4\ MathWorks

CALIBRATION

z O Q

Calibrate  Export Camera  Generate Default Help
Parameters  MATLAB Script  Layout

|
| LAYOUT | RESOURCES |

’{E E ﬁ m Radial distortion coefficients 1> 6

O 2 Coefficients [ Compute Skew

New Open Save Add
Session Session Session v Images 3 Coefficients [ Compute Tangential Distortion

|
FILE OPTIONS | CALIBRATE | EXPORT

I
Data Browser @ Image |
— b

Show Rectified
| Reprojection Errors i | 71 Extrinsics |
[ Mean Reprojection Error per Image [ xtrinsic Parameters Visualization
0.25 T T
i
g 02
o
£0.15
=
g
| 5 01
c [ Camera 1
3005 [ Camera2
= — — — Overall Mean Error: 0.18 pixels
0 [T WIT W7 T W 0
Z (mm) 0 7100

Image Pairs Show pattern-centric view X (min)

=]
S
4]

55



4\ MathWorks

Image and Video Processing | stereo Vision R2016a

Enables autonomous systems to
map and measure the world

Supports workflows for ADAS,
autonomous driving, and robotics

New functionality to support:
— 3D point cloud processing
— Structure from motion
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Image and Video Processing | peep Learning R2016a

Perform fast, accurate image
classification

Enables recognition workflows in
autonomous robotics and ADAS

Convolutional neural network (CNN)
algorithm added to Neural Network
Toolbox il

1%15 struct with 2 fields

Fields ImageFileMame @Euundingﬂm{t % ”"’ =

Uses cuDNN (a GPU-accelerated library i EoberchveBuisio.
2 'E\jobarchive'\Bvisic...
from NVIDIA) 'E:‘jobarchive\ﬂvisio...

3
(requires Parallel Computing Toolbox) L fthw




4\ MathWorks

@ Signal Processing

@ Audio

@ Antenna to Bits
&) WLAN/LTE
@ Image and Video Processing
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That’s, what’s new!
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