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RF systemy
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Mobilni zafizeni Bezdratové pripojeni Radarové systémy Satelitni komunikace

Mobilni zakladnové stanice Systémy ADAS Anténni pole
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Bezdratove komunikacni systemy a MATLAB & Simulink

Provéreni koncepce navrhu systému a algoritmu
— ,end-to-end” simulace
— prenos signalu ,over-the-air”

— simulace na urovni scénaru (multi-platform, multi-emitter)

Generovani (pfizpusobitelnych) prabéhu
— standardy 5G, LTE, Wi-Fi, ...
Tvorba modelu

— digitalni prvky, RF a anténni prvky

— posouzeni chovani systemu a jeho optimalizace

Automaticke generovani kodu v jazyce HDL nebo C

— prototypovani a implementace bez rucniho psani kodu, SDR
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Bezdratové komunikacni systemy a MATLAB & Simulink

MOBILNI A JEDNOTNY

Aplikacni knihovny Aplikacni knihovny

KOMUNIKACNI NAVRH A
5G Toolbox STANDARDY SIMULACE Communications Toolbox
LTE Toolbox RF Toolbox
WLAN Toolbox Generovani a analyza pribéhd, Modelovani, analyza a optimalizace RF Blockset

end-to-end simulace, referenéni pribéhy. chovani komponent a celého systému.

Bluetooth Add-On Antenna Toolbox

PHY ee ll Aviea Phased Array System Toolbox
v zaklanim v
: prvky || a MIMO
(NLBT'EoT Bluetooth Pasu
c-v2x) (BLE)

Aplikacni knihovny

MATLAB Coder

MATLAB Compiler - i
HDL Coder PROTOTYPOVAN[ A TESTOVANI

Wireless HDL Toolbox Propojeni s hardware a automatizace postupt.

SoC Blockset Testovani s Vypocty a e
Instrument Control Toolbox N el \f'g‘u”s'tfri HDL a C/C++
Software-Defined Radio Add-Ons
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End-to-end simulace

Algoritmy Zkresleni v RF prvcich Antény
Modulace, beamforming, synchronizace Nelinearity, $um Anténni prvky, konfigurace
$ Establish the number of component carriers. - - EEE L:ilf?'?t”?;m“m window  Help
F’rﬂt)él]y’ numCC = length (NDLRB) ; o
5G, WLAN, Vlastn” $ Create transmission for each component carrier
o = ) enb = cell (1l,numCC); A

for i = 1:numCC

enb{i} = 1teRMCDL('R.5');
vwwﬁﬂqﬂnumkmﬂwwﬁw enb{i} NDLRR = NDLRB(i):

i

i i

Zakladni Digitalni

pasmo rozhrani PFenosovy o

kanél lj Vom V‘ew I‘mt,nm
Digitalni fyzicka vrstva RF rozhrani Anténa
Zakladni Digitalni \/ / \
. = . ADC
pasmo rozhrani ‘
— PRLIIMAC —+ =

Prenosovy kanal
Sum, interference

Méreni - =1 Prvky se smiSenymi signaly
EVM, BER, ACLR gt -8 3= Diskrétni a spojité prvky
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Komunikacni standardy

. 5G /@ .NB -loT

22N d )
o WiI-Fi l
e Bluetooth
i
®
Wr
? 74 zigbee
BLE

alb)ig)n il plac axlad an
T
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Dnesni Wi-Fi systemy

900 MHz

802.11ah e— dlouhy dosah
nizka spotreba energie

loT
802.11b/g/n
2.4/5 GHz — 59GHz 802_11p
stredni dosah V2VIV2X
obecny pfristup 802.11a/ac WAVE

802.11ad 60 GHz,

kratky dosah
vysoka propustnost
wireless video




Generovani prubehu: Waveform Generator App

T ri
GEMNERATOR TRANSMITTER
» & ~

Graficka aplikace
— Intuitivni ovladani
Volba standardu
— 5G, LTE, WLAN, BLE
— OFDM, PSK, QAM
ZKkresleni signalu prenosem
— AWGN a dalsi
Pouziti
— testovani systému

— reference k posouzeni shody

4\ Wireless Waveform Generator - Resource Grid

e 3 | |

NR (56

New Open Save

Session Session ™ Session ¥
=5 = =
FILE 5a 5a 5a

i 1 Downlink | Uplink FRC Test
| Waveform 1| Ere Models [...

¥ Downlink FRC

LTE [4G)

MCS: |QPg

Subcarrier spacing (kHz): [15 R

Channel bandwidth (MHz): |5 |\wyapy

Subframes: |10 P F—3 —
Lavers |1 | gop11asgj 80211b/g  80211p  802.11n/ac
Cell identity: |1 (OFDM) (Dsss)
—
RNT: [1 =
¥ Bit Source 802.11ax
Bit source: T | PNGY
WPAN

¥ Filtering Configuration

Filtering: | Mon

cu

Frequency range: FR1
i 5 5

Downlink  Uplink RMC Test

MC Models (...

(IEEE 802.11)

B

EBluetooth
Low Energy

STOM MODULATION

OFDM QAM PSK

-

(OFDM)

Sine Wave

/i 802.11ad 802.11ah

&
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1

-

BWP 1 in Carrier (SCS=15kHz). PDSCH, PDCCH :
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Modelovani a end-to-end simulace

Modelovani komunikacnich systému na urovni propojeni

— modulace a kédovani kanalu

— modelovani pfijimace a synchronizace, obnoveni informace prenasené v signalu

Modelovani prenosove cesty
— model Sumu a ztrat v pfenosovém kanalu (AWGN, Rayleigh, Rician, WINNER 1)

— ruseni, interference, atmosférické efekty

Beamforming

— zlepseni vykonnosti propojeni pomoci tvarovani paprsku

Posouzeni systemu
— metriky (BER, PER, propustnost, EVM), vizualizace (Constellation Diagram, spektrum)

MIMO a Massive MIMO
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RF modely (na systémove urovni)

Navrh architektury a specifikace RF komponent
« Spojeni RF prvku s adaptivnimi algoritmy (DPD, AGC, beamforming)

« Testovani a ladéeni vysilace/prijimace pred laboratornimi zkouskami

RF_Fitter D emodula. IF_Filter IF_Amplifier
Stage
GainA (dB) -2.583 12 5 -0.1395 20
NF (dB) 2583 1.9 54 0.1395 [
0IP3 (dBm) Inf 21 Inf Inf Inf

IIIIIII

aaaaaaa

nnnnnnn
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nalyza RF retezce

V 4 v . o r r w w r u V4
 Analyza vSech zisku a ztrat z vysilace, pres medium (voln rostor, kabel
J ) ]
| d, vliak td.) d Fiji C telek iIkacni b d s
vinovOod, VIakKno atd.) do prijimace v teiekomunikacnim nebo radarovem
t r
systému.
4\ RF Budget Analyzer - RFChain_5Components - O X
ANALYSIS Hryrads B9
wOd T b Q b EEMNE v
(] New Open Save Delete Amplifier Modulator S-parameters Generic Filter ~ Plot Smith Polar  Export
- - v - - - v
FILE DELETE ADD ELEMENTS PLOT EXPORT
Parameters ‘ RFChain_5Components
v r o . [Srampaamers
* model Vv prostre I SIMUuUlIN Blockset ey e
Available iny 2> Sus
put power: -30 dBm — N\ ) )
] =Y SuSz
Signal bandwidth: 12 MHz
. . J— . . - . Bandpass LNA Demod IF_Filter IF_Amplifier
— Circult Envelope = Multi-Carrier Simulation o —
Name: [Bandpass Stage 1 2 3 4 5
GainT (dB) -1.054e-10 12 5 0.1395 20
Fiter type: Butterworth > NF (dB) 0 19 54 01395 6
Response type: Bandpass > OIP3 (dBm) Inf 21 Inf Inf Inf
Implementation: | Transfer functi... ~ Cascade 1.1 1.2 1.3 1.4 1.5
| Out Use fitter order [ Fout (GHz) 5 5 0.07 0.07 0.07
N Passband i [483517) oz B Pout (dBm) -30 -18 24 2414 414
I D"z‘“‘“ AF 5L »D T | e GainT (dB) -1054e-10 12 6 586 25.86
Passband attenuation: 3.0103 dB NF (dB) 0 19 2316 2337 3.055
! | Channal OIP3 (dBm) Inf 21 15 14.86 3486
1x2l T Lo Outport Stopband freq(s): [1.56.5] GHz ~
@'—}SL RF ¥ I+ 1 S 2 Ini D{)ut I SNR (dB) 73.18 71.28 70.87 70.85 6923
[1:2] py Stopband aftenuation: 40 dB
RF In Q
Thermal Moiss Input impedance: 50 Ohm
Sparams Outputimpedance: 50 ohm
RE & Qut Apply
In DG-‘- P ost—e{2 )
Q Channal
Outport
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Modelovani antén a anténnich poli

V 4 A4 I 4 [ [
* Vyber typu anteny dle specifikace L
DESIGN a4 Bl9e@e
— katalog parametrizovanych anten 2 v s S e s o [ TR .. -

Navrh antény na pracovni frekvenci

idth 0.093685
g

ight 0.001499
01499

Zobrazeni vysledku a iterativni
nastaveni geometrickych parametru

Samostatné antéeny

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

— Antenna Designer App

Antenni pole
— Antenna Array Designer App

— Sensor Array Analyzer _ _ _
EM simulace metodou momentu (anténa typu Patch Microstrip)
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Simulace scénaru pro sifeni RF signalu

Vliv Sifeni RF signalu na spojeni vysilac-prijimac

Pokryti signalem na 3D geografické mapé

AR 7 | |50

« Zkoumani vyzarovacich charakteristik a scénaru instalace

« Vyuziti techniky ,beamforming® ke zlepSeni dosahu



Od simulace k implementaci

14

SIMULACE SYSTEMU VYVOJ PRODUKTU
Prazkum Zakladni Detailni Implementace
navrh navrh
Modely
hardware
Referencni
modely o Rozhrani
Algoritmy ™ N
N (lenéni Modely |
Analyza systému software

—

Vytvareni modell
Prubézina verifikace

v b

~

—

Over-the-air
testovani

I Prototypovani

&
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Od simulace k implementaci

« Referencéni navrh

 Algoritmus pro koncovy hardware

 Architektura datového toku

 Fixed-point implementace

Optimalizace a generovani kodu

&

=
"

£ THUMUSOFT

%% MATLAB reference detector
% this uses high level MATLAB functions

% computing 2 global maximum requires holding the entire signal at once
% this is impractical in a hardwars implementation but serves as a golden
%

reference

y=filter (CorrelationFilter,1,RxSignal); % correlate against the pulse

[peak, location]=max(abs(y).*2);
fprintf ('Found Global Maximum at location %d Value %3.3f \n', location,

for index w1:length(y)-window_length

MATLAB

% if all values in the result are <=0 then the middle sample is a "

if max(compare_to_middle_sample)

% a valid loc

ind Local Maximum at location 34 Valus $3.3¢ \n',index+S,current_window(6))

tprintf (
end

end

window_log (index, :

end

Data flows in parallel, to test if middle value of
window is largest
AND if it is greater than a threshhold

sfx3?_En32 (11)

sfix38_En32 (11)

Simulink

Data flows in parallel, to test if middle value of
window is largest
ANBD if it is greater than a threshhold
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Od simulace k implementaci

« Automaticke generovani embedded C kodu

— optimalizace generovaného kodu dle dané platformy (ARM, SoC)

« Automaticke generovani HDL kodu (Verilog / VHDL)

— Uprava modelu pro nasazeni na HW
— odhad vyuziti zdroju

— optimalizace modelu a generovaného kédu (rychlost, spotfeba zdroju)
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Dekuji za pozornost



