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Ultra platjoslas
tehnologija
(UWB)

* Parraide notiek izmantojot
impulsus
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Pozicioneésana

 UWB radari (Latvija
nodarbojas EDI)

 (lekstelpu) lokalizacija
* Radiolokacija

* Ground penetrating radar
(GPR)

* Mediciniskie izmekléjumi

Transnutted 1}111~':e

Tx

i . -./L:L“‘ 200
-

3 —
I K“HLUJ;?

Rx

Reflected pulse
from layer 1

Range
cate

Layer 1

o

S
S -ﬁ-
--‘

Reflected pulse
from laver 2

Layer 2




~~

Komunikacijas

 Plasi tiek lietots “Impulse Radio”
Maza attaluma datu parraide tikli IEEE 802.15x

UWAB Cips paradas ari jaunakajos viedtalrunos

Musdienas aizvien plasak tiek lietots optiskajos
sakaros

* Plass pielietojums atrgaitas virknes interfeisos, tai
skaita on-chip

* RFID pielietojumi, UWB energijas parraide
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UWB modulaciju veidi

* PWM (Pulse width modulation)

* PPM (Pulse position modulation)

* PAM (Pulse amplitude modulation)

* FM-UWB (Frequency modulated UWB)
* Hibridas modulacijas

Var pielietot gan analogas komunikacijas gan ciparu datu parraidé



Impulsa pozicijas modulacija (PPM)

T Raksturigie parametri

Tpagibas; Jo mazaks 7 jo augstaka energoefektivitate
Jo mazaks T jo plataka josla
Jo mazaks A jo lielaks parraides atrums
Jo lielaks T jo augstaka energoefektivitate un zemaks parraides atrums
T un A sava starpa nav saistiti (pozicijas var daléji parklaties vai otradi)



KOhere nta Im pU |Sa * PPM parraides piemers (M=4 pozicijas). Piemér;a paraditi 2 kadri.
pOZTCijaS mOd U |éC|Ja Pirmaja kadra tiek parraidits simbols “3”, otraja simbols “2




Nekoherenta PPM
Transmit reference
PPM (TR-PPM)
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* TR-PPM parraides piemérs (M=4 pozicijas). Piemér;a
paraditi 2 kadri. Pirmaja kadra tiek parraidits simbols “3”,
otraja simbols “2”
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N_ekOher?nta P P M  DPPM parraides piemeérs (M=4 pozicijas). Informacija tiek
Dl]cfe e ﬂt|a| PPM kodéeta ar laika intervalu starp impulsiem. Analogie DPPM

(DPPM) signali ir "dzigi FM-UWB.

start pulse data pulse data pulse



Sasniedzamie paremetri, piemers

Expected characteristics

Parameter Optical Radio
pulse length 7 50ps 100ps
frame length T’ 72ns 72ns
guard time T 20 ns 20 ns
expansion time 1 0.75 ns 0.8 ns
nbr of positions M 1024 512
bitrate 139 Mb/s | 125 Mb/s
pulse jitter < 29 ps < 29 ps
peak radiated power 40mW 40mW
average power < 100pW | < 200pW
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PPM modulacija

* Analogie modulatori izmantojot zagveida impulsus

e Atra ciparu logika (ECL) un ciparu aiztures linijas?

* FPGA pielietoSana (MicroSemi u.c.)

* Impulsu formésanai var izmantot Step Recovery Diodes (SRD)

* Optiskai modulacijai nepieciesami atri modulatori (Mach—Zehnder).

* |r publicéti pirmie eksperimenti ar tiri optisku PPM signala generaciju.

1Vairak par So tému Sodien pastastis izstrades inZenieris Viktors Kurtenoks no Eventech



PPM demodulacija

Notikumu

RAKE
taimeri
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Notikumu taimera pielietoSana
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 PPM demodulacija notiek atnemot laika tegus (absoltto laiku)

* Dod iespéju izmantot |oti lielu poziciju skaitu un lidz ar to sasniegt nepieredzéti
augstu energoefektivitati.

» Strada ja sakaru kanala nav daudzcelu izplatiSanas

» Sakaru kanalam ir viens lietotajs

* Visiem taimeriem ir “dead time”

* Var but nepieciesama impulsu paplasinasana taimera ieeja
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PPM PielietoSanas sferas

* Sistémas, kur nepiecieSama vienlaiciga preciza lokalizacija un datu
parrade (jaunie viedtalruni)

e Sistémas ar ierobezotu energijas buzetu — autonomi mezgli, kosmiskie
sakari.

e Citas talvadibas un maza parraides radiusa sistémas



Petijums ar TDC-GPX2 taimera pielietoSanu
PPM demodulatora sakariem ar nanosatelitu.
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Eksperimenta shéma

PIN (75%) Er*" Duped J/ Pump LD PIN (99%)
Seed LD —»;::EL -> —» | U-Bench _'C’qu “—{Col. O APD
T 5/25 Isolator WDM - olator %/
Modulator |- Clock = TDC |= Comparator

Figure 12. Block diagram of the end-to-end MOCT benchtop transceiver testing setup. Both of the PIN
diodes and the APD are also monitored by an oscilloscope. The TDC is connected to a computer via
USB cable. The orange lines are optical signals and the black arrows are electrical connections.
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Impulsi GPX
taimera leeja

Modulated Data




FLPP Projekts

Pikosekunzu izskirtspéjas impulsa pozicijas modulacija nepieredzeti
augstas energoefektivitates komunikacijam (Nr. 1zp-2021/1-0475)

Projekta komanda:
Projekta vaditajs: Dr. Sc.Ing A.Aboltin$
Galvenais izpilditajs: Dr.Sc.Ing. S.Spolitis &

Budzets: 300k EUR :\~
Sakums: 01.01.2022 =§=
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Projekta struktlra

Digital-to-time conversion(WP1) [ AWG, Opfical, FPGA

Up-conversion

TX amplification
Radiation
Reception

RX amplification

Equalization

Pulse expansion

Down-conversion

Time-to-digital conversion (WP2)

Laser diode

Optical amplifier
Lens
Lens

Optical amplifier

Micro RR, optical BPF

Photo-detector

AO033-ET, software

Experimental setup for optical Experimental setup for microwave

transmission of PPM (WP3) transmission of PPM (WP4)

AWG, Anal}ag, FPGA

Microwave generator,
Microwave photonics

RF power amplifier
Horn antenna

Horn antenna
Low-noise RF amplifier

Time-reversal
Microstrip RR, BPF

Amplitude detector

A033-ET, software

X
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Projekta merki

* PPM parraides demonstracija optika
* PPM parraides demostracija caur mikrovilniem

* Vienotas UWB sakaru sistému simulacijas vides izveide. Notikumu
taimeru preciza simulacija.

* Pieredzes ieglsana darba GHz un ps sistémam



|zstradajamo PPM sakaru sistému parametri

Parameter Optical Microwave
pulse length 7 50ps 100ps
frame length 1T 72ns 72ns
guard time 1, 20.8ns 20.8ns
number of positions M 1024 512
bitrate 139 Mbit/s | 125 Mbit/s
pulse jitter < 25 ps < 25 ps
peak radiated power P, 40mW 40mW
average power < 100pW | < 200uW
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PPM Modulators

Projekta gaita tiks realizéti 3 dazadi PPM modulatori (koherentie un
nekoherentie):

1. Uz patvaligas formas generatora bazes (arbitrary waveform
generator — AWG), izmantojot ieprieks sagatavotus signalus.

Uz ECL logikas un ciparu aiztures linijas bazes.
Uz FPGA bazes



PPM generacija izmantojot hibridu shemu
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PPM generacija izmantojot ciparu skaititajus
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PPM signala generéSana, izmantojot NE555 taimera mikroshémas.
Tiek generéts asinhronais PPM signals, pirmajam NE555 taimerim stradajot ka PWM signala generatoram un otrajam ka impulsa

formétajam, kur$ nostrada uz PWM signala krito3o fronti.
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PPM raiditajs uz atrgaitas DDL
(OnSemi MC100EP1968B )
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PPM

Modulators
uz FPGA

S.Miglas darbs FPGA SoC kursa
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PPM demodulators

[ _S—

— Sy —

Demodulatora pamata ir notikumu taimeris AO33-ET ko razo
Latvijas uznémums “Eventech”. Tas ir uzkonstrueéts Elektronikas
un datorzinatnu instituta (EDI).
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Demodulatora programmaturas arhitektara
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1. Veiksmiga sesijas izveide
SERVER — CLIENT
©1 00 00 00 00 00 00 00 02 0O 00 0O 40 0O 0O 0O 00 00 00 00
. Sesijas numurs: Ox 00 00 00 01 — 1
o Laika Korekcija (sec): Ox 00 00 00 00 — ©
o Int or Ext Triggering: ©x 00 00 00 02 — 2 (INT: 2, EXT: 4)
. Events in pack: Ox 00 00 00 40 — 64

. o Total events (K): Ox 00 00 00 90 — O (SET_WAIT)
TCP/IP apmainas e (0 o emen e o Lo GELD
’ 1. Neveiksmiga sesijas izveide (serverim ir jau savienojums ar
citu klientu)
protokola reverse
SERVER — CLIENT
. M 01 00 00 00 18 FC FF FF
englneerlng ° Sesijas numurs: Ox 00 00 00 01 — 1

° Error code: ©x FF FF FC 18 —» -1000

1. “Time Calibration”

I\/I . PUdZS u n CLIENT — SERVER
kOmaﬂda BC 01 00 00

) Handle numurs: ©x 00 00 01 BC — 444

1. Veiksmiga kalibracija

SERVER — CLIENT
BC 91 00 00 01 00 00 00 14 01 00 00

° Handle numurs: ©x 00 00 01 BC — 444
° REF IN — 1 (EXT found: @, EXT not found: 1)
° Taimera izSkirtspéja: Ox 00 00 01 14 — 2,76 ps
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Impulsu paplasinatajs uz mikrosloksnu filtra

* J.Semenako
* T.Solovjova
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Trapezoidu
spektra aprekini

Simetriskas trapeces impulss 7, =7, , (1™ =—7,, ™ =1)).
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Impulsu paplasinasana izmantojot vairakas

aiztures linijas
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Vairaku aiztures
liniju shémas
OptSim

simulacijas
rezultati
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Fig. 10. Output of all electrical signals together.

Output of electrical signals before and after passing through second two-pole LPF

X 10°° Electrical signal before second LPF
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Fig. 11. Output of combined electrical signal before
second LPF.

Electrical amplitude (a.u.)

%10 Electrical signal after second LPF
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Fig. 12. Output of combined electrical signal after
second LPF.
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