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Motivation and Context

CERN Super Proton Synchrotron: Modeling, design optimization and performance stability

Context:

= CERN SPS accelerates protons from from 26 to
450 Gev/c before injection into the LHC

= Beam intensity at SPS directly impacts LHC
luminosity

= At high intensity, the RF and LLRF systems become
limiting factor

Key physical effects at high intensity: :
= Transient beam loading

= Phase perturbations

= Beam losses during injection/extraction

= Increased sensitivity to instabilities

link to the paper

PHYSICAL REVIEW ACCELERATORS AND BEAMS 25, 021002 (2022)

&\ MathWorks

CERN’s Super Proton Synchrotron 200 MHz cavity regulation upgrade:
Modeling, design optimization, and performance estimation

T. Mastoridis
California Polytechnic State University, San Luis Obispo, California 93407, USA

P. Baudrenghien
CERN, Geneva 1211, Switzerland

® (Received 4 October 2021; accepted 2 February 2022; published 17 February 2022)

CERN’s Super Proton Synchrotron (SPS) accelerates protons to 450 GeV/¢ and transfers them into the
Large Hadron Collider (LHC). It is currently one of the limiting factors in increasing the beam intensity and
thus the luminosity of the LHC. As part of the LHC injectors upgrade project, the SPS 200 MHz rf system
has been modified during the CERN long shutdown 2 (January 2019-April 2021), resulting in a new layout
containing two additional cavities. The goal is to improve longitudinal stability required for the planned
doubling of the beam intensity for the high luminosity LHC. In parallel with the upgrade of the high-power
rf, a new low-level tf (LLRF) system has been designed, including a new cavity field regulation system.
This work presents a model of the beam-rf interaction which includes a detailed representation of the LLRF
controlling the cavity. This model is used to determine the optimal LLRF design for maximum loop
stability and beam loading compensation. Finally, the performance of the upgraded LLRF is estimated.

DOI: 10.1103/PhysRevAccelBeams.25.021002
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|
What changed & Why It matters

SRS RF upgrade (200 MHz system)

= New RF layout with additional cavities

= Goal: Improve longitudinal beam stability at high
intensity

LLRF Redesign:
= New cavity field regulation
= |mproved beam-loading compensation

= Required because beam loading effects grow
rapidly with intensity

Critical Insight:

= System Performance is not limited by a single
component hardware alone

= A system-level, closed-loop simulaton is required
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DigitalGlobe Stimulates Complete Satellite-To-Ground
Communication Systems

Challenge

= Ensure rapid and reliable transmission of satellite
imagery data from space to ground

Solution

= Use Simulink to model the entire RF and digital
communications system and perform simulations to
calculate BER and verify link performance

Results

= Simulation speed increased tenfold

= Distortion effects included in simulation
= Data rate increased by 50%

DigitalGlobe Simulates Complete Satellite-to-Ground Communications Systems

4@\ MathWorks

45


https://fr.mathworks.com/company/user_stories/digitalglobe-simulates-complete-satellite-to-ground-communications-systems.html?s_tid=srchtitle_customer_stories_1_digitalglobe
https://fr.mathworks.com/company/user_stories/digitalglobe-simulates-complete-satellite-to-ground-communications-systems.html?s_tid=srchtitle_customer_stories_1_digitalglobe
https://fr.mathworks.com/company/user_stories/digitalglobe-simulates-complete-satellite-to-ground-communications-systems.html?s_tid=srchtitle_customer_stories_1_digitalglobe
https://fr.mathworks.com/company/user_stories/digitalglobe-simulates-complete-satellite-to-ground-communications-systems.html?s_tid=srchtitle_customer_stories_1_digitalglobe
https://fr.mathworks.com/company/user_stories/digitalglobe-simulates-complete-satellite-to-ground-communications-systems.html?s_tid=srchtitle_customer_stories_1_digitalglobe

Agenda

Get started with RF data analysis
RF system design

Signal Processing with Simulink

« Integration custom or external code into Simulink models

4\ MathWorks
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S-Parameters Data Import and Visualization

help rf

s param =

rfplot (s param)

sparameters ('default.s2p')

smithplot (s param,1,1)

4 Figure 1
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Analysis
abcd2h Convert ABCD-parameters to hybrid H-parameters
abcd2s Convert ABCD-parameters to S—-parameters
abcd2y Convert ABCD-parameters to Y-parameters
abcd2z Convert ABCD-parameters to Z-parameters
az2h Convert hybrid G-parameters to hybrid H-parameters
hZabcd Convert hybrid H-parameters to ABCD-parameters
h2g Convert hybrid H-parameters to hybrid G-parameters
h2s Convert hybrid H-parameters to S—-parameters
h2y Convert hybrid H-parameters to Y-parameters
h2z Convert hybrid H-parameters to Z-parameters
snp2smp Convert N-port S-parameters to M-port S-parameters
s2t Convert S-parameters to T-parameters
t2s Convert T-parameters to S-parameters
rlgc2s Convert transmission line RLGC-parameters to S-parameters
s2rlgc Convert S-parameters to transmission line RLGC-parameters
s2abcd Convert S—-parameters to ABCD-parameters
s2h Convert S-parameters to hybrid H-parameters
v2abecd Convert Y-parameters to ABCD-parameters
yv2h Convert Y-parameters to hyvbrid H-parameters
zz2abcd Convert Z-parameters to ABCD-parameters
z2h Convert Z-parameters to hybrid H-parameters
rationalfit Perform rational function fitting to broadband data
iscausal — Check causality of N-port S-parameters

+0.5

+1

- || Freq=2.06 GHz

~ || VSWR = 3.1279
| Z=0.627 + j0.877

~ T S11=10.5155|, 84.7 [deg]
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|Programmatically Construct an RF Network:

Automate the Analysis, Explore the design space, Create Reports

Follow four steps:
« Create a circuit

= Add the components
— Defines nodes and connections

— RLC, S-parameters, PCB components

= Define the analysis ports
- Perform the analysis and extract results

Programmatically Construct Circuit

ckt = circuit('crosstalk');

add(ckt,[2 1],resistor(16,'R1"))

add(ckt,[2 ©],capacitor(8.114e-12,

add(ckt,[3 2],resistor(72,'R2"))

add(ckt,[3 ©],capacitor(1.238e-12,

add(ckt,[4 3],resistor(34,'R3"))

add(ckt,[4 @],capacitor(0.821e-12,

add(ckt,[5 4],resistor(96,'R4"'))

add(ckt,[5 ©],capacitor(8.028e-12,

add(ckt,[6 5],resistor(72,'R5"))

add(ckt,[6 ©],capacitor(8.007e-12,

add(ckt,[7 6],resistor(16,'R6"))

add(ckt,[7 @],capacitor(1.048e-12,

add(ckt,[8 7],resistor(120, 'R7"))

add(ckt,[8 ©],capacitor(8.47e-12,'C

add(ckt,[12 8],resistor(24,'R8"'))

c1'))
c2'))
'c3"))
ca'))
'C5'))
C6'))

7'))

add(ckt,[12 ©],capacitor(®.2e-12,'C8"))

add(ckt,[18 2],resistor(48, 'R9"))

add(ckt,[10 ©],capacitor(®.8087e-12,'C9"))

add(ckt,[11 1@],resistor(24,'R10"))

add(ckt,[11 @],capacitor(@.2e-12,'C108"))

add(ckt,[9 8],capacitor(®8.le-12,'C11"))

add(ckt,[9 @],resistor(1000, 'R11'))

add(ckt,[9 @],capacitor(le-12,'C12"))

R9

a8 @24

1 ao
=

RS R6 =
:: O NORINO) 1Rz7u
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Create a circuit and use the add function to populate the circuit with named resistor and capacitor object:

R8

c8

=

c11
1p
1t

— a3 —_
T .021p T

.028p |

—_ c5 —_
.007p T

c 1
T .a7p

1.048p

c7

R11

48
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|Example#1:

% Read the
adapterl =
elbow =
coupler =
adapter?2 =

4\ MathWorks

Create and Analyze a Network Using RF Measured Data

data

Sparameters
Sparameters
Sparameters
Sparameters

$ Build the network

'coax.slp');
'elbow.s2p');

A~ A~ A~~~

'coupler.sdp');
'adapter.s2p');

—

-

Import Touchstone files

o Create circuit object

ckt = circuit('circuit'

add (ckt, [1 2], adapterl); N
add(ckt, [2 3], elbow);
add(ckt, [3 4 5 6], coupler);
add (ckt, [5 0], resistor (50));
add (ckt, [6 0], resistor (50));
add (ckt, [4 7], adapter?); -

% Analyze the network

setports (ckt,

freqg =
S:

o)

[1 07,

[7 01)
linspace (3477e6,
sparameters (ckt,

357e6, 51);

freq);

5% Save to Touchstone file

rfwrite (S,

'"line.s2p’);

Define ports and perform the analysis

— Add network of components

Save and share results
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How Can | Get Started with S-Parameter Analysis in MATLAB?

&« C # mathworks.com/products,/rftoclbox.html Q 2 % » e

RF Toolbox

S-Parameter Analysis

420
Use functions to transform and manipulate S-parameter data. Import and export N- » function
port Touchstone® files. Visualize S-parameters on cartesian, polar, or Smith charts.
Measure VSWR, reflection coefficients, phase delay, and group delay. .

~_ \+is0

g0
B0

Choose the appropriate format by converting among S, Y, Z, ABCD, h, g, and T network y 2" . : _ ~—- /80
parameter formats. De-embed measured 2N-port S-parameter data by removing the -

effects of test fixtures and access structures. Transform single-ended measurements Working with S-Parameters
into differential or other mixed-mode formats. Convert and reorder single-ended N-
port S-parameters to single-ended M-port S-parameters.

(® Getting Started with S-Parameters (5 videos)

® Data Analysis on a Set of S-Parameters for an RF Filter
® De-Embedding S-Parameters

B8 Convert Scattering Parameters to Impulse Response for SerDes System Design

Getting Started with S-Parameters - MATLAB & Simulink

50


https://fr.mathworks.com/videos/series/getting-started-with-s-parameters.html
https://fr.mathworks.com/videos/series/getting-started-with-s-parameters.html
https://fr.mathworks.com/videos/series/getting-started-with-s-parameters.html
https://fr.mathworks.com/videos/series/getting-started-with-s-parameters.html
https://fr.mathworks.com/videos/series/getting-started-with-s-parameters.html

4\ MathWorks
Agenda
Get started with RF data analysis

« RF system design
Signal Processing with Simulink

= Integration custom or external code into Simulink models
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|Inspiration: Cavity Resonator Model for Linear Particle Accelerator

Zload

Powar

Signal
Genarator = o
P~ bl
- ™~
13 &
Amplifiers
CoaxRigidLing CoaxRigidLine ol k=t g
4260mrm+4113mm1 4260mm+4113mm =3 2
e 2 P8 I 3000
Equation Equation available power
|__based ] |4 S |__based ] . Fower [dBm] 352MHz
4 | Line
Termination
Coupler
= —Fhase in
PhaseSensor Rectangular waveguide
40m
FF_Table Cavity with detuning Ig - Kiystron curent
= ) ® T e o e
Equation
OulCavity based
FF_Table Voltage
RefLing f4— o |
Emr Out
Cavity QOut In BB gﬁﬁmnl —
Controller ¥ -
PhaseCaorraction
=] (] -3
Coaxial T
318 Inch —
40m -
g
L [ [
-4 o
available power OutCavity = —@ Ib_out
[dBm] T04MHz Current DatunalC
E Ib_MultiPulse
— ] Vin detuna , [_]
Datuning
detune

aunter Clock

Klystron

prafAmp
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RF Design — Where To Start?

AME

RF Budget Analyzer App
HF Budget

A
- Analytical computation and visualization of power/noise/IP3 RF budget nalyzer

= Improvement over custom-made spreadsheets - taking into account mismatches

= Generates Circuit Envelope models/testbenches for super-heterodyne and homodyne
architectures

- Generates MATLAB scripts for automation and complex scenario analysis
= Delivers consistent results between analytical equations and simulation

> erJr

RF_Fitter Demodula... IF_Fitter IF_Amplifigr

Stage
GainA (dB) -2.583 12 5 -0.1385 20
NF (dB} 2583 19 L4 0.1395 [
OIP3 (dBm) Inf 21 Inf Inf Inf
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Analyze, Understand, and Debug RF Data and RF Budget

System specifications

4\ RF Budget Analyzer - Results

RF BUDGET ANALVZER

RF components

Harmonic Balance (non-linear) analysis

o = o — = T e @ PlotBancuidtn 10| Bl ¢
Available Input Power _“} dBm
New Open Save Ampifier  Modulator Demodul... Delete D 30 SParameters Default| Expor
= o Signal Bandwidth Element ™ Aute-Anabyze | oty potw  plot Reselution POTEL | out|| v
FILE SYSTEM PARAMETERS. ELEMENTS HARMONIC BALANCE PLOTS. VIEW EXPORT =
| Element Parameters | | NF-3D o [ Cascade | L — E M T L B /
Transmission Line Element \ X p O rt tO ‘ \ l \
Name TransmissionLine Cascade
g D> Q-EH>S RF Bl
- = OCKSe
Width 0.0006 meters b 5 LA Demodu Fil Ampii T
Noise Figure —_— params emodua ter mpifier ransms
. N —_—1.5
Height 0.000635 meters. Friis Ar\alyms b . y N N . 5 N
Thickness 5e-06 meters ‘GainT (dB) -1.923 12 -5 -0.3383 30 -0.00889
EpsionR 9.8 NF (dB) 0 23 54 0 6 0.00889
O3 (dBm) Inf 21 23 Inf 33 Inf
Loss Tangent 0.02
Sigma Conductivity 5.96e7 Sim 1
Line Length 0.01 meters || Pout-20 x| || owe3-20 x| || oe2-20 x|
- Output Power Output Third-Order Intercept Output Second-Order Intercept
Stub Mode |NotAStub 4 ,_HB Analysis - 5GHz 4o HB Analysis - 5GHz 47 _HB Analysis - 5GHz
1.2 36
4905 1.1 20
Cascad = 25 -
Apply ot oo ascade 5 " 5 HEJ .
nput Frequent 2 . .
Pt Freaueney = S20 Sa
e o
3 0 o o
o B 6%
-10 -
20 o 1
111213141516 1112131415186 1112131415186
Cascade Cascade Cascade
Results [ s-Parameters
Friis-Pout (dBm) 119227 0.0773 5.9227 -6.2610 za,mum
Select cascade up o stage: | g
HE-Pout (dBm) -11.9227 00067 60042 63426 205955 225886
Smith Chart XY Plot Polar Plot
Friis-GainT (dB) 19227 100773 40773 37390 337390 337321 Zomn a
gnitude (d8) 2,500 e © H H H
HB-GainT (dB) 19227 10.0067 3.9968 36576 325965 325886 o == . L= [Fn: 00261z
ew visualization
FriisNF (dB) 0 3.1955 3.6727 3.6727 5.5507 5.5507 a3 = n Fout: 72.3 MHz
HB-NF (dB) 0 3.1278 36999 3.6099 45041 4591 | 2. = & a21
g = . =151.23), 348.1[deg]
Friis-OIP3 (dBm) Inf 21 443611 140228 326897 326628 =X Al =
HB-OIP3 (dBm) Inf 205701 9726 135760 286311 286241 S8 e o
2% ] = s
Friis-SNR (dB) 939762 907797 4 903025 903025 884245 884245 | M
HB-SNR (dB) 939762 908473 / 903653 003653 893810  89.3810 4,995 5 5.008
HB-0IP2 (dBm) Inf 3144 361015 353623 363803 363670 ‘ st sz H Ost Ostz Osz H DOsi Oszz

Cascaded Budget Analysis (Friis and Harmonic Balance)
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Export the RF Receiver to RF Blockset and add to PHY layer

model.

4\ RF Budget Analyzer - simrfy2_mima_rfreceiver

RF BUDGET ANALYZER

nput Frequencys |

B4 B9l

e 3 =] ] [ HE-Analyze H & Plot Bandwidth 10| B +
Avsilsble Input Power |30 | dBm "
New Open Save Amplifier  Modulator Demodul... Delete 2D 3D SParameters Default |[Export
- - Signal Bandwidth 10| Element | AUt-Analyze  piio pigte  piot Resolution|51 | points Layout | v
FILE SYSTEM PARAMETERS ELEMENTS HARMONIC BALANCE PLOTS B[ L AE Wort pace
| Element Parameters \ J simrfV2_mimo_rfreceiver l Export rfbudget
W object to MATLAB warkspace
Amplifier Element
MATLAB Script
Name |Amplifier Generste
S8z
Available Fower Gain |12 48 ._[8'21 5 22]— > WATLAB Script
NaesliRsl{ 1.3 = Sparams “Amplifier Modulator Sparams Amplife 2:5':2"“‘
port to
OF2 |Inf dBm
Stage ’ 2 3 4 5 RF Blockset
0IP3 |21 dBm GainT (dB) -2.432 12 5 -0.1385 20 | pMeasure:
nput impedance |50 T NF (dB) 2.201 13 54 01395 & | Exportto
0IP3 (dBm} Inf 21 32 Inf inf | testbenchi
Output Impedance (S0 ohm
Apply
| Results | | Pout-3D |
Output Power
Friis Analysis
Cascade 1.1 1.2 13 1.4 1.5
Fout {GHz) [ 5 0.0700 0.0700 0.0700
Friis-Pout (dBm) -32.4316 -20.4316 -26.4316 -26.5711 6.5711
Friis-GainT (dB) -2.4316 9.5684 3.5684 3.4289 234289
Friis-NF (dB) 22006 3.5615 4.0538 4.0782 5.9230
Friis-0IP3 (dBm) Inf pal 14.9142 147747 347747
Friis-SNR (dB) 717746 704137 69.9214 69.8970 68.0522

May I do this in MATLAB?

Cascad
Input Frequency (GHz) ascace
RF
Damod
i o oy psL RF _®— 1 S| 2 Inb :..-’@-E-ﬂ 15 2 |nDcu1 RE  SL P »
fen Lo fen
Available Output power (dBm)1
input power Thermal Noisel
(dBrm) Sparams Madulater Sparams1

Transducar gain (dB)
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Circuit Envelope Available Blocks

gy [N
1 % 2 In A@Dut Hy2 1 2 =YY Ln
eworth s‘anlqay-lbpase J;
Filter Phase Shift Transmission LC Ladder
. 1 1 Line = - . l“ fﬂ’
Frequency dependent (linear) elements s Lesq ped O Tfs
S-parameters S-parameters S-;;:arametgrs Mutual Three—Windin,g
—_— S - pa ra m ete rS 3 ports 8 ports Inductor Transformer
. . . D‘Z 1 :"; 2out In = Out
n.
— RLC, transmission lines T L
irculator Divide Signal Combiner Attenuator

— Filter, attenuator, coupler, circulator, divider/combiner, phase shifter

— Antenna and antenna array

. n Demod Mod
Nonlinear elements boodl " pu  nlBout @t sl (P
. e h‘h:n‘l:r:,lF’f.lI,.l IMT
— Amplifier My royon M Ve

— Power Amplifier (Memory polynomial and AM/AM-AM/PM)
— Mixer (IM table)

1Q Demodulator

— System blocks: Modulator, Demodulator, IQ Modulator, IQ Demodulator

Noise generation included for linear and non-linear elements _
— Thermal Noise, Phase Noise ()

-

Variable (Simulink controlled) elements for tunable networks Noise
— Non-linear VGA, attenuator, shifter, RLC

| |

A JC
Out =
4In +
Variable Variable
Attenuator Capacitor
AGain
P2 JPhas
JIP3l ut ut
4In In
VGA Variable
Phase Shift

1Q Modulator

Variable
Inductor

vety

IR
" Reflecti

SPST

&\ MathWorks

AR ;
a+ i

Variable
Resistor

1
CH—W 2
"Reflectids

SPnT1
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Circuit Envelope Tunable Blocks

RF elements with Simulink controlled characteristics

&\ MathWorks

Build tunable networks such as AGC, adaptive matching network, beamformer, butler matrix

— Non-linear VGA, attenuator, phase shifter, RLC

— Switches for building configurable networks

ﬂ%ﬁgm

] In_/'z; I

-

Variable
Attenuator

PELY AV LV]

Gain

IP2

|PaLA Uty
In

Variable
Capacitor

Phas
Ut p
1ln

VGA

Variable
Phase Shift

Loy
o+ 1

Wariable
Inductor

AVelly

It

Reflecti

SPST

JR H:
o+ 1

Variable
Resistor

L4

1}
C .
tr

AGC
State Machine

‘DU Inr

VGA
Imperfections

ip3
Ef“b»geﬂn
ip2

SL

RF+

Power
meter

] InReercti#f-

SPnT1

Yy
S5T3TQ
VE.
c
—
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Circuit Envelope Testbenches

Measure and verify the performance of your DUT

— Generate stimuli and measure response
— Noise, gain, non-linearity, S-parameters

’ . NF (dB)

| “Response P

v

L ‘.{Gam (dB)
| ¥ g

g?esponse 1

~

——Stimul

—~ Demod
%
{1 2 In ut |n’?f%ut -
e >0 1
Butterworth
Filter Amplifier Demodulator

h 4

4226

4@\ MathWorks
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Agenda

Get started with RF data analysis

RF system design

- Signal Processing with Simulink

= Integration custom or external code into Simulink models

4\ MathWorks
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|«

DSP System Toolbox/Sinks

Modern Responsive Soft Scopes
Analyze and measure dynamic simulation signals and filters

= Array Plot
MEASUREMENTS

- A / \ o
|==| [ @ ’\]& '\_’/‘ Ul/ (@ Snapshot 5 Copy Display
Legend Magnitude Settings Stepping Run Step % Highlight Block =4 Print
Phase Opticns Forward -

5

HA

RATION SIMULATE

@ 2023

ANALYZER ESTIMATI MEASUREMENTS SPEC SPECTRAL MASK CHANNEL MEASUREMENTS o 9

Sample Rate (Hz} | Inherited _v\ Legend N

M I @ “E‘—‘ <.l£ \x) m) (& Snapshot %]

2 =

Spectrum  Spectrogram IL—‘ Settings Step  Run Step S Highlight Block = &=
= - Offset (Hz) 0 Back Forward _

BANDWIDTH CONFIGURATION SIMULATE SIGNAL SHARE

[ ] Spectrum Analyzer

ﬂ Filter Visualizer

MEASUREMENTS

Legend q& '\:/I Up - 3

Magnitude Phase | .

t

&5 Magnitude Phase || ol seep % | 5
Forward o
MULATE

B 111

MNum Filters

Simulink Library Browser = o X

Sinks

Sources ‘ )D

Statistics

Transforms Array Plot Audio Device
DSP System Toolbox HDL Support Writer
Embedded Coder
Fixed-Point Designer Binary File @
Fixed-Point Designer HDL Support Writer
HDL Coder
HDL Verifier
Image Acquisition Toolbox D
Instrument Control Toolbox

Mixed-Signal Blockset

200

VBW = 722.834 mHz RBW = 43.0664 Hz Sample Rate = 44.1000 kHz Frames = 122

Stopped

Binary File Writer Display

Phased Array System Toolbox Filter Spectrum
Visualizer Analyzer

Radar Toolbox

Reinforcement Learning

Report Generator Audio outputway N [3x5] ol

Reqguirements Toolbox T v — Tunable um [3":{

RF Blockse S["DT:; o Multimedia e Bandpass IR Filter o [3x5] o

[ [ = > 0
3x8] - - o
[l Normalized Freque

&\ MathWorks
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Dynamic Visualization of Filter Response and Signal Spectra
Example

desion fos

»
[256x1) l
>
266x1]
L Spectrum
Analyzer
Gaussian Noise 1782 mliz RBW = 10.0000 Hz Sample Rate = 44 1000 kHiz Frames =314 T=6
>
2 256x1) Fourth-Order Hillered Sigipal >
Num ‘ Y
i Section Filter [256x1)
onsian [3x5) ? MEASUREMENTS
>N Num - ot
Tunable 1Y Magnitude Response
Bandpass IR Filter a
Fcl Den ‘3:5 |
05
0.4 0.6 '3;(:
03 07 Filter
Visvalizer
02 - 08
01 09

pDiscrcte

/ 06

0
Normalized F ency(xm rad/sample)

&\ MathWorks:
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Working with multiple domains?

Incorporate multiple domains all in one model. Choose from hundreds of blocks in different domains:

Math Operations

+
B
+

Signal Processing

z+1 Ax=b
Dataflow 22-1 il ﬁ—
und f.n"
Dataflow Estimation Filtering Math
Functions
= [z %
\jﬁ\ A 2y
Quantizers Signal Signal Sinks
Management Operations
5?79: FFT
% \l/N f(u) SF(v)
Sources Statistics Transforms

Abs Add Algebraic Constraint
Y0 o lub
T ) S o5
Assignment Bias Complex to
Magnitude-Angle
e D X
im b - P
Complex to Divide Dot Product
Real-Imag
X luf
£
Find Nonzero Gain Magnitude-Angle
Elements to Complex
=
3 2
Math Matrix MinMax
Function Concatenate
o > o 7~ Y — =
Amplifier Antenna Attenuator C
e . .
B L Nl S
Butterworth = b * MT
Filter Gnd Ideal IMT
Transformer Mixer
i -
YL T, R EHE
+ - I o
L LC Ladder Mixer Mutual
Incluctor
n A@iou n ut —AAA— 1§ 2
enmory Paly
Phase Shift ~ Power Amplifier R S-parameters

State Machines

4@\ MathWorks

Communications Systems

< AL Bl (]2
H(2) 7”]\‘\ 4 \LN
Channels Comm Comm Comm
Filters Sinks Sources
h cmme 2%0 )
H™(2) 3 1
Equalizers Error Detection Interleaving MIMO
and Correction
Al & . { 11
OB B (R
i 2lb o 5 3%
Modulation  RF Impairments RF Impairments Sequence
and Components  Correction Operations

O
O

Chart

Sequence Viewer

L]

State Transition Table

L] -

=

uaﬂy

w

Truth Table
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How to learn
MATLAB Academy

MATLAB Onramp

14 modules | 2 heures | Langues

Apprenez rapidement les bases de MATLAB

Simulink Onramp

14modules | 2heures | Langues

Apprenez rapidement les bases de Simulink.

Simulink Fundamentals
10 modules | 8heures | Langues
Apprenez comment utiliser Simulink, un outil de simulation graphique pour la modélisation de
systémes physiques dynamiques.
N
Nm|

Stateflow Onramp
12 modules | 2 heures | Langues

Découvrez comment créer, modifier et simuler des machines a états dans Stateflow.

Control Design Onramp with Simulink

7 modules | 1heure | Langues

Aaitri: pi les du design de é de controle en
boucle fermée dans Simulink.

Traitement d'images et du signal

Image Processing Onramp
6 modules | 2heures | Langues
Maitrisez les concepts fondamentaux des techniques de traitement d'images dans MATLAB.

Image Processing with MATLAB

11 modules | 11 heures | Langues

Découvrez des workflows efficaces de traitement dimages dans MATLAB.

Signal Processing with MATLAB
8modules | 7.5heures | Langues
Apprenez comment effectuer le traitement du signal dans MATLAB

https://matlabacademy.mathworks.com/

IA, Machine Learning et Deep Learning

Machine Learning Onramp

6modules | 2heures | Langues

Apprenez les bases des méthodes efficaces de Machine Learning pour résoudre des
problémes de classification.

Machine Learning with MATLAB

6modules | 12heures | Langues

Explorez les données et construisez des modeéles prédictifs

Deep Learning Onramp

Smodules | 2heures | Langues

Famil avec | utilisation de
reconnaissance d'images.

de Deep Learning pour la

Deep Learning with MATLAB

11 modules | 7 heures | Langues

Apprenez la théorie et la pratique pour développer des réseaux de neurones profonds avec
des données séquentielles et des images.

Reinforcement Learning Onramp

Smodules | 3heures | Langues

Maitrisez les bases de la création de o qui ap par expé

Mathématiques et optimisation

Optimization Onramp

5modules | 1heure | Langues

pp les f delaré 1 de problé d'optimisation dans MATLAB a
I'aide de I'approche par problémes.

Introduction to Symbolic Math with MATLAB

13modules | 2heures | Langues

Démarrez rapi avec une ir au calcul

Solving Nonlinear Equations with MATLAB

6modules | 3heures | Langues

Utilisez des méthodes de recherche de racines pour résoudre des équations non linéaires.

Solving Ordinary Differential Equations with MATLAB

6modules | 4heures | Langues

numeéri des é ions diffé avec les solveurs ODE de

MATLAB.

4\ MathWorks'
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Instructor led Training:

- Build RF system models
= Import and Simulate S-parameters
= Model Linear and non-Linear RF components

= Analyze the impact of noise and nonlinearities

RF System Design Using MathWorks Tools

RF System Design Using MathWorks Tools

View schedule and enroll

Course Details

This two-day course shows how to use RF Blockset™ and RF Toolbox™ for modeling wireless front ends. You will learn

when to use two different modeling paradigms to speed up the simulation of RF signals: Equivalent Baseband and Circuit

Envelope. The fundamentals of the simulation techniques will be discussed, and best modeling practices will be
highlighted.

Topics include:

Importing S-parameters and modeling linear elements

Simulating thermal and phase noise

Modeling amplifiers and mixers operating in nonlinear conditions

Developing custom models

Integrating antennas and arrays in RF transceivers

Day 1 of 2

What is RF Blockset?

Objective: Give an overview of RF simulation using MathWorks tools; the goal of this section is to familiarize the
audience with RF Blockset and its terminology. Attendees who never used RF Blockset before will be able to recognize
which applications can be modeled with RF Blockset and which approach is most suitable.

« Describe what can be done with RF Blockset

« Describe the benefits of using RF simulation techniques

« Articulate why and when RF Blockset is needed

Fundamentals of RF Simulation

Objective: Describe the fundamentals of Equivalent Baseband and Circuit Envelope simulation techniques. We will

&\ MathWorks

Level: Intermediate

Prerequisites:

« Signal Processing with Simulink

* A good understanding of RF theory

Duration: 2 days

Languages: English

View schedule and enroll
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Agenda

Get started with RF data analysis
Simulating RF controlled components at the system-level

Signal Processing with Simulink

= Integration custom or external code into Simulink models

4\ MathWorks
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Implement MATLAB Functions in Simulink

Write a MATLAB function that runs in a Simulink model

Can accept multiple input and reproduce multiple output signals

Why use it?:

Include existing MATLAB algorithms into Simulink

Write simple algorithms without the graphical overhead

@\ MathWorks
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Integrate external components & code into your Simulink

models

(@[]
s
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Block libraries

A

C++ f_rn_!

MATLAB

=

SIMULINK

| |
Algorithm Continuous- Discrete-Time Physical State Discrete- il v
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E;’ Integrating your C code into Simulink is simple 4\ MathWorks
C Caller Block: Call external C functions directly from the model

# sldvexCCallerBlockExample * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools

ode Tools Help
B-o-8 BEHR-F- RGO P o H ] e T @ -
mmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmm -
2
& Simulink C Caller Block
O
apper_satwation imi 7| U
tower_saturaton_jmit= ")
m‘ Copyright 2018 The MathWorks, Inc.
» ||0d
Ready

<FunctionName> Block Parameters: C Function Caller =
CFunctionCaller

Supports simulation and code generation Call Custom Code Function.

C Function Caller Parameters
Function name: | jny_timesTwo v [ »| €| @
Array layout: | Column-major -

» Port specification:

https://www.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html —— 1 - 1

70


https://www.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html
https://www.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html
https://www.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html
https://www.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html
https://www.mathworks.com/help/simulink/ug/integrate-ccode-ccaller.html

> |

here are muttipte methods to bring your

Learn which approach will work for your application

Python Importer

Use to bring an existing
Python function into Simulink.

+ Graphical interface with minimal code

+ Creates reusable blocks from Python
functions

— Cannot edit Python code once the block is

created
i::i

Python

J

\_

\/

Python Code Block

+

+

Use to write native
Python code in Simulink.

Easily edit code from the block dialog

Supports all simulation modes

No debugging capabilities in the block dialog

ry

Python Code

For releases prior to R2023a, you can use MATLAB Function or System blocks to use Python code in Simulink.

TOT yade nto Simutink 4\ MathWorks'
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Key Takeaways

Closed-loop, time-domain simulation is essential

Start with RF data analysis using RF Toolbox

Reuse validated RF models at the system level

Simulink enables live observation of system behavior

4\ MathWorks:
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Merci |

<} MathWorks:

Accelerating the pace of engineering and science
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