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Bezvadu sensoru tikli (BST) musu dzive

TelosB
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Bezvadu sensoru mezglu (BSM) uzbiive

Mikrokontrolieri

Atminas moduli
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EdiMote pirma revizija
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Tipiskas BSM izstrades problemas

Aparaturas (HW):
v" Modulu savstarpéja savienoSana
v" Signalu komutésana

v' Energijas patérina meérisana

Programmaturas (SW):

v' Dazadu mikrokontrolieru programmeésanas atbalsts
v" Ciparu un analogo signalu atk|tGdosana

v Programmaturas ietekme uz energijas patérinu
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Energijas paterina novéertesana

v’ Projektéjot bezvadu sensoru mezglu, ir svarigi
samazinat energijas paterinu:

* testejot aparaturu
 optimizéjot programmas kodu

v’ Energijas patérina kvantitativais un kvalitativais
novertejums

Sensoru mezgla energijas patérins ilga laika posma
e Modulu energijas patérins (pieméram, radio)

* Programmas procesu energijas patérins
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Analogais — ciparu pdarveidotajs

Paredzets precizai stravas patéerina
liknes uznemsanai

v’ Augsta izSkirtspéja un
diskretizacijas frekvence (>1MHz)

v’ Datu apstrade dod iespéju izdalit

S0 1000 1500 2000 2500 300 3500 4000 4500

Mikrokontroliera stravas patérins,
veicot datu ciparoSanu un nosutiSanu

25

noteiktus fizikalus procesus D
v’ Lielaks apstradajamo datu apjoms £
salidzinajuma ar SPOT meéritajiem 0 A
RF modula stravas patéring
komunikacijas bridi
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Energijas paterina mensana
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Energijas patérina merisana

Energija, Wh

Laiks, min

Vcc

lzveidota arhitektlra nodrosina:

v’ energijas mérisanu izveléta
laikaposma (no 4ms - 71,6min)

v' 4 atsevisku modulu energijas
merisanu

lzveletas arhitektlras trukumi:

v'  lerobeZota laika izskirtspéja ~ 4ms
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Programmas procesu energijas paterins

Testa mikrokontroliera programmas kods
Pielietojums testa mikrokontroliera

programmas optimizésana atsevisku if (DMAOCTL&DMAIFG)
procesu energijas méerisanai {
START_SPOT_1(); //Start 1-st SPOT
Papildus janodroSina: DMAOCTL &= ~DMAIFG;
DISABLE_ADC();
v’ aparaturas atbalsts DISABLE_TIMER_B();
RUN_DMA();

v'testa kontroliera programmataras atbalsts

E §E S 8B

while(!/(DMA1CTL&DMAIFG));
DMAI1CTL &= ~DMAIFG;
pinClearintFlag(TRIG_PORT, TRIG_PIN);
triggerStatus = receivedCommand();

B 22 a2s10 START_SPOT 2(); //Start 2-nd SPOT
for (i = 0; i < sizeof(results[]); ++i)

{

UCAOTX = resultsJi];

}
STOP_SPOT_2(); //Stop 2-nd SPOT
Programmeéjama STOP_SPOT_1(); //Stop 1-st SPOT

logika }
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Signalu komuteésana un atkludosana

v’ Laikietilpigs process veidojot jaunu BST platformu

v’ Izstradajot iegultas sistemas, tehniski sarezgiti izdalit klGdas,
kas radusas:

e aparaturas izstrades gaita
* programmaturas izstrades gaita

v Tehniski sarezgiti notestét izstradato aparatiru uz dazadiem
apkartéjas vides parametriem

v Tehniski sarezgiti notestét sensoru darbibu pie mainigiem
apkartéjas vides parametriem

* NepiecieSams atkludot sisteému, emuléjot sarezgitus sensoru
datus
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Signalu atkludosanas eksperiments

Eksperimenta sastavdalas
v’ Testa signala generators
v EdiMote

v’ Matlab programmatdira

v" Vadibas kontroliera

programma:
e analogas matricas
konfiguresanai

e analogo signalu
iztverSanai un datu
nosutiSanai

v' Datorprogramma datu
vizualizacijai, glabasanai
un apstradei
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Analogo signalu komutésana una atkludosana
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Analogo signalu komutésana un atkludosana

* Analogo signalu komutésana:

* konfiguracija no vadibas i

mikrokontroliera MSP430F5437
* konfiguréSanas laiks 52 us

e komutéjamo signalu maksimala

frekvence — 20 MHz
* Analogo signalu atklidosana:
* jebuvets 12-bit ADC modulis

UART modulis datu nosutisanai

* maksimala frekvence 40 kHz

ELEKTRONIKAS UN ’ : INSTITUTE OF 1 : ] ] $ - 1 5] 7
Pl doy INSTITUTE BF b EdiMote: Programmatdras atklidosana ar re-konfiguréjamu aparatdru. 15
INSTITUTS COMPUTER SCIENCE  Artgrs Selivanovs



Analogo sensoru emulesana

Papildinat ar analogo sensoru datu
simulésanas iespéju

Funkcionalitates nodrosinasanai

nepiecieSams:

* Analogais slédzis virzienu mainai,
vadams no mikrokontroliera

 Aréjs analogais-ciparu
parveidotajs analogo signalu Vadibas 8 apc 3 Analos
atklido%anai ar lielaku vcy ol MUX
diskretizacijas frekvenci

* Ciparu-analogais parveidotajs
analogo signalu atspélésanai un
generésanai UART

* Papildus atmina generéto
signalu glabasanai

Memory

Analogo signalu atspélésana un generésana
analogo sensoru datu emulésanai
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Veiktspéjas uzlabosana

Vadibas kontroliera aizvietosana: MSP430 -> Cortex M3
* Lielaka veiktspéja -
* Takts frekvence — [idz 150MHz
e 32 bitu arhitektura
e Lielaka atmina (SRAM atmina adreséjama
lidz 4 GB)
* lzstradataja funkciju bibliotékas
* Lielaks periféeriju atbalsts

Programmeéjamas logikas

aizvietoSana

* Universala arhitektura — iekséja atmina,
vairak logisko elementu

* Neierobezots parprogrammeésanas reizu

skaits
» Signalu atklGdoSanas iespéjas (On-Chip
debug)
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Secinajumi

v lzvéléto funkciju veiksanai ar CPLD un MSP
resursiem nepietiek

v' Energijas patérina mérisana javeic gan ilga laika
posma, gan 1sa laika posma

v’ Javeic analogu un ciparu signalu komutacija,
atkludosana modularitates nodrosinasanai un
problému detektésanai

v Javeic signalu ierakstiSana un generésana sensoru
datu emulésanai

— . — — v . - —
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What is SEAL?

s SEAL = Sensor Application Development Language

s A language & programming environment for WSN application development

NesC code:

i Lun e Lunmie wwie w s

module RadioSenseToledsC @safe(){
uses {

C code:

SEAL code:

interface
interface
interface
interface
interface
interface
interface
interface
interface

}

Leds;

Boot;

Receive;

AMSend ;

Timer<TMilli> as MilliTimer®;
Timer<TMilli> as MilliTimerl;
Packet;

Read<uintl6 t>;

SplitControl as RadioControl;

implementation {

message_t packet;

bool locked

= FALSE;

event void Boot.booted() {
call RadioControl.start();

}

event void RadioControl.startDone(error_t err) {

if (err
call M

SUCCESS) {
iTimer0.startPeriodic(2000);

call MilliTimerl.startPeriodic(6000);

}
}

event void RadioControl.stopDone(error_t err) {}

event void MilliTimer@.fired() {
event void MilliTimerl.fired() {
}

event void Read.readDone(error_t result, uintl6_t data) {
if (locked) {
return;

(-8 emacs23@desktop <2>
File Edit Options Buffers Tools C++ Help

SENSOR_READ_INTERVAL 3600 // milliseconds

// our timer
Alarm_t timer;

e P P
/7 Timer callback
e P P
void onTimer(void *param)
{

// read light sensor value

uintlé t light = readLight();

PRINTF( , light);

// send the value read to radio

radioSend(&light, sizeof(light));

// blink LED

toggleRedLed();
1)

void appMain(void)

// initialize and schedule the alarm

alarmInitAndRegister(&timer, onTimer, SENSOR _READ_INTERVAL, tru:

// set radio packet receive callback
radioSetReceiveHandle (onRadioInterrupt);
// turn radio listening on

radioOn();

// our job here is complete

return;

(=8
File Edit ©Options Buffers Tools C++ Help
~ read Light, period 2s;
read Humidity, period 2s;
output Radio;

emacs23@deskiop <2>



WSN programming specifics

s Programming WSN is hard, because:
WSN programming = embedded programming + network programming =>
WSN complexity = embedded complexity + networked device complexity
s Still, majority of WSN applications are conceptually simple:
s Sense-and-send
s Event detection

= The majority of potencial WSN users have little

or no experience in computer programming




Our idea

s Target the language towards novice programmers
s Decouple between behaviour and implementation
s Behaviour: what the program should accomplish
s |[mplementation: how to go about accomplishing it
s Use declarative instead of imperative approach

s Abstract away from: =N

s Hardware details

s Networking details




Motivation, part I: WSN for domain scientists

= \Who?
s Biologists, agriculture scientists,
civil engineers etc.
s \Why?
s Control & maintenance of a WSN deployed

by computer scientists

s How?
s Using simple portable GUI
s Specifying which sensors to use, read interval, when to read them

(e.g. only measure solar radiation levels during daytime) etc.




Motivation, part Il: WSN for student teaching

s \Who?
s Undegraduate CS students in their first WSN course
s Non-CS majors (studying electronics, engineering, physics,
envirornmental science, biology etc.)

s \Why?

s How?
= \Writing simple declarative scripts

s Specifying what to do, instead of

specifying how




Motivation, part lll: theory

® Ten Usability Heuristics, Jakob Nielsen, Ph.D*:

« Visibility of system status
« Match between system and the real world
» User control and freedom

 Consistency and standards

* Error prevention

* Recognition rather than recall

* Flexibility and efficiency of use
 Aesthetic and minimalist design

» Help users recognize, diagnose, and recover from errors

» Help and documentation

* - Jakob Nielsen, “a leading web usability consultant” (New York Times)
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Motivation, part IV: optimizations

s Smaller source code size
s For a simple sense & send program:
2 30 lines C code (MansOS)
2 90 lines NesC code (TinyOS)
s 3 lines SEAL code!

s Natural ties with duty-cycling & network reprogramming

s Automatic generation of supporting tools




Sample code

s Blink red LED:
use RedLed, period 1s;

s Read light and humidity sensors & send to serial port:

read Light, period 2s;
read Humidity, period 2s;

output Serial, baudrate 38400, aggregate;




Sample code

# Conditions;

// blink blue led; faster at the start
when System.time < 2s:
use Blueled, period 100ms;
else when System.time < 6s:
use Blueled, period 500ms;
else:
use Blueled, period 2000ms;
end

11



Sample code

s Qutput options:

// by default, output all data read to serial port;
// the baudrate is 38400 by default, but specify it explicitly
output Serial, baudrate 38400;

// also output to radio (aggregate=yes means put all data in
// one packet; by default on for radio, off for serial port)
output Radio, aggregate yes;

// also output to MAC protocol, but only when a base station
// is detected nearby
output Network, protocol CSMA MAC, when MAC.baseStationIsReachable;

// also output to higher level network-stack
output Network, protocol Socket, port 100;

// save light sensor values (but not humidity sensor!)
// to flash in case battery voltage is above 2.7V
output Flash {Light, APDS9300}, when System.voltage > 2.7V;

12



SEAL GUI

s Cross-platform GUI written in Python + wxWidgets

® G
File

@ $ 0O

SEAL IDE

Generated code | General statements = +

use RedlLed, period 1s:(73

read Light, period 2s;
read Humidity, period 2

output Radio, aggregat

~ s Upload and compile

Compile | telosb

Upload | Use default device

Uploaded successfully!

Refresh

13



Related work

& &
s \WSN query languages (TinyDB, SenQ etc.) . ”1 -3_\,\-. s\
s Hard to learn TN
s Hard to implement = S\
s Focuses on issues (inter-network processin —7"‘{
are not (yet?) critical for real world WSN _uf'*f,f -
# Declarative programming for WSN (Chu et al) - f

# Not for novice users

s Network macroprogramming (Regiment etc.)

s SEAL is a complementary solution, not a conflicting solution
s SEAL is network agnostic (almost!)

14



Experimental evaluation

s In September 2011, Girts Strazdins performed experiment with
University of Latvia students

s Measured student success in a simple WSN programming task
s The students had no previous WSN programming experience
s Compared programming in NesC (TinyOS) and C (MansOS)

s Conclusions:
s Only a few of the students were able to complete the assignment
s Students consider MansOS and especially TinyOS relatively hard to learn

15



Experimental evaluation

s In November 2011, SEAL was tested on the target audiences
s Third and fourth year LU students
s Four students with no WSN experience
s Domain scientists (from Latvijas Valsts Auglkopibas instittts)
» Four scientists with no programming experience

s The task: program advanced sense-and-send application

16



Results and conclusions

# Student solutions (four students on each option):

Results
3
2,5
2 2 N\ B NesC (TinyOS)
E} B C (MansOS with events)
2 15 C (MansOS with
S threads)
2 Ml SEAL
S 1
>
z
) I I
0
No solution Incomplete Partial Complete

p—

17



Results and conclusions

# Student answers to “difficulty evaluation” questions:

Difficulty (1 - easy, 5 - hard)

>
o o

= N w
- o N O w o A

Difficulty evaluation

Becoming an expert

Programming as an expert

B NesC (TinyOS)
B C (MansOS with
events)

C (MansOS with
threads)

Wl SEAL

18



Questions?
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Navigacija bez GPS;:
Kalmana filtru izmantosana
transporta lidzekla
pozicijas noteikSana
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pétijumu un attistibas centrs
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= |zveidot efektivu kooperativu transportlidzek|u-
Infrastrukttiras sistému, kas varétu batiski
mazinat satiksmes problémas visa pasaulé;

= Pledalities "Grand Cooperative Driving
Challenge” sacensibas (unikals starptautisks
Izaicinajums kooperativas brauksanas joma,
http://www.gcdc.net/). -

GCDC @ http://www.gcdc.net


http://www.gcdc.net/

= Reala laika ir janosaka transportlidzekla
- poziciju ar precizitati lidz 1 m;
- atrumu ar precizitati lidz 0.5 m/s;
- paatrinadjumu ar precizitati lf1dz 0.2 m/s?;
= Dati Ir jaatjauno 10 reizes sekundeé.



= Integréta GPS?, IMU? un digitala kompasa

navigacijas sistéma

Magellan Explorist XL®
GPS uztvéréjs

(1) GPS — Global Positioning System
(2) IMU — Inertial Measurement Unit

9DOF Razor IMU*modulis:
- 3-ass akselerometrs;

- 3-ass ziroskops;

- 3-ass magnetometrs.

(3) Summit Hut @ http://www.summithut.com/products/explorist-xl-north-america/ 4

(4) SparkFun @ http://www.sparkfun.com/products/9623


http://www.summithut.com/products/explorist-xl-north-america/
http://www.sparkfun.com/products/9623

(_\ trajectory errors

1onospheric delay

\\/ tropospheric delay
\ _

1onosphere

attenuation of signal - ' troposphere

external noise




= Sensoru novietoSanas kltda (alignment error);

= Nobides un mérogosanas koeficientu klidas
(bias, scaling factor errors).

Brown University Wiki @ https://wiki.brown.edu/confluence/display/wdm/3D+Coordinate+System



Integréta navigacija

= GPS 1stermina pozicijas kluda ir atkariga no
vairakiem faktoriem, tomér rezultéjosa vidéja
kvadratiska pozicijas kltda ir ierobezota;

= IMU 1stermina pozicijas kluda ir salidzinosi
neliela, tomér vidéja kvadratiska pozicijas kllida
ar laiku uzkrajas;

= Integréts navigacijas risinajums apvieno
labako no abam pieejam.



Datu sapludinasana

= Paplasinato Kalmana Filtru (EKF) ir sarezqtti
pielagot, Jakobianu ieguve var bit netriviala,
filtrs darbojas labi ar ierobezotu nelinearitati;

= Seciga Monte-Karlo metode jeb "Particle Filter”
(PF) darbojas labi ar patvaligu sadalijumu un
nelinearitati, bet ir komplicéts skaitloSanas zin3;

= Sigma-punktu Kalmana filtrs (SPKF) ir labs
kompromiss, salidzinot ar EKF un PF.



SPKEF: Izpildes soli

Inicializacija

Sakotngjais stavoklis un
kovariacijas matrica

- apréekinati :
Sigma-punktu sigma-punkti | Laika

aprékinasana transformacija
i transformeti

sigma-punkti

Méerijjumu
korekcija

Posteriors stavoklis
un kovariacijas matrica

r Integrated Navigation”; |«g
Rudolph van der Merwe and Eric A. Wan




SPKF: Implementacijas

= "Unscented Kalman filter”

= "Sguare-Root Unscented Kalman filter”

= "Central Difference Kalman Filter”

= "Square-Root Central Difference Kalman filter”

= "Square-Root Spherical Simplex Unscented
Kalman Filter ”

= "Divided Difference Kalman Filter”
= U.C.

10



Unscented Transformation (1)

] XOZP_(
. Xi:)_H'Z(\/Fx),- 1=1,...,L
« x,=x—{(WP,)  i=L+1,...,2L

- y:;W?f(Xi)

- Py:;Wf(f(xi)—)")(f(xi)—Y)T

- priors stavoklis

- posteriors stavoklis 3
- skalars mérogoSanas koeficients, kas nosaka sigma-punktu izplatibu ap x
- priora/posteriora kovariacijas matrica

- stavokla vektora izmérs

- I-ais stavokla/kovariacijas svars

- visparéja (nelineara) funkcija

- ST ONN<IX]



Unscented Transformation (2)

SPKF implementacijas specifika

= Sigma-punktu izvéles shéma (svari un skalars
meérogosanas koeficients);

= Metode, ar kuru transformétie sigma-punkti tiek
kombinéti, lal aprékinatu posterioro kovariacijas

mautricu.

Priors: stavoklis,
kovariacijas matrica

péc izvelétas
shémas

Sigma-punkti

pielietojot
izvéléto
laika

transformaciju

>

Transformétie
sigma-punkti

péc izvelétas
shémas

d Posteriors: stavoklis,

kovariacijas matrica
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Realizacija

= C++ lietojumprogrammatdra, ar simulacijas
lespéjam un atdalitam "release” un "sandbox”
sadalam;

= Kopigie moduli:

= matematiskas strukttras un funkcijas (KF saistitas
lietas un kustibu analizes funkcijas);

= UART komunikacijas modulis;
= |letotaja saskarnes komponentes;
= datu konvertacijas un analizes funkcijas.

= Datu simulacija ir "sandbox” specifiska lieta.

13



IMU orientacijas novértésana

Akselerometra dati (X, y, z asis)

SPKF

Ziroskopa dati (x

Eilera lenkis

laiks

Ziroskopa dati

akselerometra un Ziroskopa dati
péc Kalmana filtra pielietoSanas

L Te
b
- akselerometra dati
]
L]

Yaw

Roll

Y
X Pitch

Eilera lenki k& orientacijas
reprezentacijas forma

14



IMU/GPS pozicijas novértésana

o m  E e e e e S I e S —_ e

trajektorija, izmantojot IMU modula datus

trajektorija, izmantojot GPS uztvéréja datus

trajektorija, izmantojot IMU modula un GPS
uztveréja datus un pielietojot Kalmana filtru

15



Nakotnes plani

= Kustibas modela pilnveidoSana (piem., nemot
véra ari Koriolisa efektu);

= TestéSana reala vidé ar realiem datiem,;

= Secigu Monte-Karlo metozu ("Particle Filters”)
pielietoSana navigacija;

= Navigacijas programmattra ka patstaviga
bibliotéka.

16



Paldies par uzmanibu!

Jautajumi?
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levads

» lzmantojam divas atskirigas smadzenu signalu parveides
metodes.

» Abam metodéem kopiga ir notikumvadita signala nolasu
iegusana.

» Atskirgais:
» pirma metode - visas ieglitas signalu nolases tiek parraiditas;
» otra metode - iegltas signalu nolases tiek apstradatas lokali un

parraiditi tiek apstrades rezultati.

» Otras metodes pielietojuma piemeri:

» smadzenu signalu informacijas saspiesana;

» epilepsijas slimnieku lekmju paredzésana, izmantojot iegltos un
apstradatos smadzenu signalus.

=
ELEKTRONIKAS UN INSTITUTE OF
DATORZINATNU ELECTRONICS AND
INSTITUTS COMPUTER SCIENCE



Signalu avots - smadzenu garoza

FROMT  Anteror Cingulate

MOTOR BACK
(maotivation) )

.~ SENSORY
| -

N |

> Smadzenes “ Dators

FROMTAL LOBE PARIETAL
(planning) LOEBE
(movement)
OCCIPITAL
Dorsolateral Prefrontal E}?s?cﬁ'li
{executive & logical)
TEMPORAL
Ohfactory Bulb : LOEBE
; = (language)
Lateral Orbitofrontal —  puoathalamus 1 g
(appropriate social’ ® s " CEREBELLUM
emaotional response) ~ Amygdala \;} {coordinate
(basic emations) T~ movement)
I -._.- . h\_\“
Entorhinal Cortex anrﬁgfnacmus BRAIN STEM
(memary) {body basics)
LIMBIC SYSTEM
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Smadzenes “ Dators

» Salidzinajums veikts 1998. gada MIT studenta V.Gerasimova
pétijuma “Information Processing in Human Body”
» Smadzenes 2% kermena svara, 20-40% energijas, 20% skabekla
» Lidzvertigs 500 Pentium 4 datoriem ( 1 tranzistors — 1 neirons)

» Smadzenu garozas Stinai — neironam ekvivalentais
elektroniskais elements butu ar 2,500+ izvadiem

45 DENDEITEZ242% FoD TN | | 2pt]

L]

DENDEITE?

DEMDEITES
DEMDERITES AXON | | 2500
DEMDEITE4
DENDEITES

DEWDEITEZ
DENDEITEL
DEMDEITED

HUMAN CORTICAL HEURCOH

=3}

La

1=

L

3]

—

=

=
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Neirona funkcijas un uzbuve

» NEIRONA FUNKCIJAS:

RECEPTORA FUNKCIJA informativa signala uztvere, primara analize;

INTEGRATIVA FUNKCIJA regulatoru vadibas programmu un
komandu izstrade un nosutisana;

SEKRETORA FUNKCIA biologiski aktivu vielu izstrade un sekrécija;

NEIRALA ATMINA seku paradibas neirona, paildzinata aktivitate, ko
izraisijis aréjs kairinatajs.

Dendrites
) : Terminal
Endings,

%ﬁ'
O

=
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Garozas neironu tipi, to signalu frekvences un

amplitudas

»sensorie jeb jusanas neironi;
»motorie jeb kustibu neironi;
»starpneironi jeb asociativie neironi;
»vegetativie neironi;

=t
Lo AN A \

Reg. apgabals Tipiskas frekvences. Hz | Tipiskas amplitiidas, uV
o Pakausa daiva 8§13 2-100
B Paura, pieres daiva 13 -22 5-10
Y| Postcentral gyrus 30 — 100+ 3-5
miegaaktivitate 0.5-4 20-100
O| Paura daiva. denini 4 -8 ~ 10
e oo [ ST, Uldis Grunde ¢

INSTITUTS COMPUTER SCIENCE



Amplitada (rel.v.)

Smadzenu garozas aktivitates signals-
elektroencefalogramma

1 H
.'\_;\‘ :
Elektroencefalogramma - EEG TAN S
Pt
0.5 } LA
= i WA,
> ! ! ! vV
® H R I { N
£ bl b hoA t
@ 0 E I r {'.  r 1" fj ¢ \h\.\"._:" A e .f.-';“"vwﬂk
5 LA L AT M -
é. "N VT Vor o
< V
-0.5
-1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Laiks (s)

Daudzu neironu signalu parklasanas +
troksni
EEG signals mainas atkariba no aktivitates

=
ELEKTRONIKAS UN INSTITUTE OF
DATORZINATNU ELECTRONICS AND
INSTITUTS COMPUTER SCIENCE



Smadzenu signalu apstrades piemers:

domjutiga saskarne (Brain-Computer Interface)

ELEKTRONIKAS UN
DATORZINATNU
INSTITUTS

BCI System

r— — — — — — —— — — — — — — — —

|
| Signal

| acquisition | ey Signal features
I

I

and
processing »f\ AW, it

Device
commands |

INSTITUTE OF
ELECTRONICS AND
COMPUTER SCIENCE

Uldis Grunde



Izmantotas sighalu parveides metodes un ar
tam saistitas problemas

v Pirma metode izmanto asinhronu sigma-delta modulatoru,
kura binaras izejas parsleguma vietu laika momenti reprezenté
ieejas analogo signalu

v Pirmas metodes gadijuma pamatprobléma ir ka precizi
parraidit un noteikt binara signala parsléegumu vietu laika

(WA
(t) A t Sh M CN O 0N A e e 0 E
x(t) 1 y(t) s v | 2(t)
—»O—» = 4dt » > - > - =y -1
E i K / Y 5 o _’/ pugRp ’“xh;—x\ A .
e
b N \\ o] A ‘m_,r-’/
Integrators - i
Smita trigeris
5____________________
| 1 | 1 | | | | |
0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 05
—_—
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Izmantotas signhalu parveides metodes un ar
tam saistitas problemas I

v Otra metode ir modificéta [iTmenu $kérsojuma metode, kas
izmanto nevienmeérigu skérsojamo [imenu vértibu sadalijumu

un diskretizétus laika intervalus
v Otras metodes gadijuma pamatprobléma ir ka samazinat

signala nolasu kopskaitu, nezaudéjot atjaunojama (no
nolasém rekonstruéjama) signala lidzibu ar originalo signalu;

el. units)

(r

Amplitude

L L L L L 1 1 L L ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s)
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Skérsojuma limenu izvietojums

Vienmérigs — 9 limeni

T T T

reconstructed signal
O sampled data

=== input signal

Amplitude

r r

ELEKTRONIKAS UN
DATORZINATNU
INSTITUTS

4 6 8
Time (ms)

Nevienmerigs — 9 limeni

O sampled data
reconstructed signal
—input signal

Amplitude

r r

6 8
Time (ms)

10

12

INSTITUTE OF
ELECTRONICS AND
COMPUTER SCIENCE

Uldis Grunde
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Signalu avoti

» lzmantotas metodes parbaudei izmantotie EEG signali tika
nemti :

> EEG time series Database https://epilepsy.uni-
freiberg.de/freiburg-seizure-prediction-project/eeg-database.

» Nolasu frekvence 256 Hz
» Vardu garums — 12 bits

» 24 stundu signali, 6 kanali

=
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Darba posmi

» lzmantojot pieejamo EEG signalu datu bazi tika simuléti dazadi
EEG nolasu saspieSanas algoritmi

» Parbaudita pieeja EEG epilepsijas slimnieku lekmju
detektéSanai un prognozésanai, izmantojot limena Skérsojuma
metodi

=
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lzveidotie risinajumi

v" Signala nolasu kopskaitu samazinasanai izmanto pilnveidotu
l[imenu skersojuma metodes algoritmu, kas veic nebutisko
nolasu atmesanu

03 ! r I I

n 0.2 1

=

= 0.1 .

9

= 0o f

5

= -0.1-

o .

c = signal

<02 o c sampling |
-0.3- | @ advanced LC sampling 1 .
0% 0.1 0.2 0.3 0.4 0.5

Time(s)
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Signala saspiesanas salidzinajums atkariba no
izmantota limenu skaita

e R
* “*¥-uniformly distributed levels
227 & non-uniformly distributed levels;
L\ ]
o
< 18- \ i
— I \‘
= \
O .
D 14- ¥ ]
% .
D -
£ 10 :
o !
o :
6 T~ ™ ]
T T . e Wmemm i
o ! —&— Mk

9 11 13 15 17 19 21 23 25 27 29

Number of levels
—
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RMS salidzinajums vienmerigam un
nevienmerigam limenu sadalijjumam

0_075 [ [ [ [ [ [ [ [ [ [
0.069% i

S 0.061 |
® “\ -“¥-uniformly distributed levels

© 0.053- % & non-uniformly distributed levels,

& .
= 0.045" \, .
N

C 0.037---=-== ¥, :

Y .
0.013:~==~===- Ao . -j
: : —&—
O'0057 9 11 13 15 17 19 21 23 25 27 29
Number of levels
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Normala un epilepsijas EEG

m < Epilepsijas sigr@
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Epilepsijas detektesanas piemers

\&falogrammas limenu Skérsojuma nolasu biezuma izmainas laika
100

Relativais nolasu biezums (%)
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Rezultati un secinajumi

» legltas sakaribas starp atjaunota EEG signala metrikas
raditajiem atkariba no izmantota limena skérsojuma
kvantéSanas limenu skaita

» Noteikts integrals raditajs epilepsijas slimnieku leékmju
prognozéesanai, kurs balstas uz limena skérsojuma metodi
(izmantoti EEG signali no Freiburgas datu bazes)
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Radio parraide bez izskerdibas:
legremdejamas antenas virziena darbibai

lvars Drikis, Karlis Prieditis, Leo Selavo

Elektronikas un datorzinatnu instituts

2z ESF
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FONDS

Vienoganas Nr. 2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA /020
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Radio parraide bez izS8kérdibas: legremdejamas antenas virziena darbibai



Motivacija

Parastas antenas sensoru tiklos

------ - ©
@©
© T
@ o . -
- @/ O Parasti sensoru mezgliem lieto antenas,
20 ©© © kuras visos virzienos izstaro vienadu jaudu.

© Attiecigi ari ir vienadi jutigas visos virzienos

. Vienkarsa gan izgatavosana gan
© ) @ ekspluatacija
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Motivacija

Virziendarbibas antenu prieksrocibas

o ©

© @ ® m Informacijas parraidei starp diviem
’ @ © sensoru mezgliem butu nepieciesams
7 @ @©@© mazaks energijas patérins
S @ - m Sensoru mezgls varetu raidit, tikai tajos

o @ ;@ laika momentos, kad pret vinu “vérsta”
@ @ © uztvero$a antena
5", © _. .
© 5 © \ m lespejams, ka vairaki sensoru mezglu

@ pari vienlaikus varetu lietot vienu un to
© pasu sakaru kanalu
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Motivacija

Virziendarbibas antenu tipi

Aktivo elementu masivi Parazitisko elementu antenas

llustracija no www.radartutorial.eu/06.antennas/anl4.en.html llustracija no
WWw.jpo.go.jp/seido_e/rekishi_e/hidetsugu_yagi.htm

Ivars Drikis, Karlis Priedttis, Leo Selavo
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Motivacija

Parazitisko mainamas virziendarbibas antenu risinajumi

T 0 MMIEEEETETE 6 7T % %

Ivars Drikis, Karlis Priedttis, Leo Selavo

Radio parraide bez izS8kérdibas: legremdejamas antenas virziena darbibai



legremdesana

Klasiska ESPAR antena un klasiska mote

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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legremdesana

Regulejosais elements
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legremdesana

Dielektriki iegremdeta ESPAR antena

g

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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legremdesana

Vadamas virziendarbibas antenas velamie izmeri

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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legremdesana

Kapec antenas izmeérus var samazinat?

Antenam izmeri ir
vilna garumos

rp, ~0.25...0.5A
h, =~ 0.25 \
h, =~ 0.25 A

Ivars Drikis, Karlis Priedttis, Leo Selavo
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legremdesana

Vilna garums dielektriki samazinas

v — elektromagnetiska vilna izplatisanas atrums vide

v
f f — elektromagnétiska vilna frekvence
c . - _
- c — gaismas atrums vakuuma
n

n — vides lausanas koeficients

Ivars Drikis, Karlis Priedttis, Leo Selavo
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legremdesana

Materialu Tpasibas

Materials € /4 Foto
(f= 2.44 GH2z)
Gaiss 1 3.07 cm
Organiskais stikls | 3.4 1.67 cm
Si pulveris ? ?
Si 11.9 0.89 cm

Ivars Drikis, Karlis Priedttis, Leo Selavo
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legremdesana

0.0

Organiskais stikls: 1/n

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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legremdesana

Antenas pamatne

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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EDI ESPAR

EDI tipa ESPAR antena

m Antenas elementi

ievietoti organiska stikla N % N\ Z N\ N\Z

cilindra un novietoti uz
monolitas pamatnes. 3 S
_ I_A I_A
m Pasivos elementus vada
izmantojot elektroniski
vadamu sledzi

CX CX
m Nepadarot antenas

CX
vadibu butiski e
komplicetaku, S
pasivajiem elementiem
iespgjams lietot dazadas 1
reaktivas slodzes GND GND GND GND GND

LX
LX
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EDI ESPAR

NEC's 12W LOW VOLTAGE
L, S-BAND SPDT SWITCH

UPG2214TB

FEATURES

+ SWITCH CONTROL VOLTAGE:
VeontH) =1.810 5.3V (3.0 VTYP))
Veont (1) =-0.2t0 +0.2V (0 VTYP.)

+ LOW INSERTION LOSS:
0.25dB TYP. @ 0.0510 0.5 GHz, Veont () =3.0 V, Vaort(y =0V
0.25dBTYP. @ 0.5t0 1.0 GHz, Veort ) = 3.0 V, Veorty =0 V
0.30dBTYP. @ 1.0t0 2.0 GHz, Veont () = 3.0 V, Voot =0 V
035dBTYP. @ 20t0 2.5 GHz, Veort () = 3.0 V, Veorty =0 V
0.35dBTYP. @ 2,5t0 3.0 GHz, Veont () = 3.0 V, Veonty =0 V

* HIGH ISOLATION:
32dBTYP. @ 0.05t00.5 GHz, Veort () = 3.0 V, Veorty =0 V
28dBTYP. @ 0510 1.0GHz, Vont) =30V, Vet =0V
27dBTYP. @ 1.0t02.0 GHz, Voot =3.0 V, Veorty =0 V
26dBTYP. @ 201025 GHz, Veont(j =30V, Veorty =0V
24dBTYP. @ 2510 3.0 GHz, Voont() =3.0 V, Veorty =0 V

* POWER HANDLING:

Pt de)=+27.0dBm TYP. @ 0.5103.0 GHz, Veort () = 3.0 V, Voot =0V
Pn1d8)=+20.0dBm TYP. @ 0.5103.0 GHz, Veort () = 1.8 V, Veorty =0V

+ HIGH-DENSITY SURFACE MOUNTING:
6-pin super minimold package (2.0 x 1.25 x 0.9 mm)

Ivars Drikis, Karlis Priedttis, Leo Selavo

DESCRIPTION

NEC's UPG2214TB is a GaAs MMIC L, S-band SPDT (Single
Pole Double Throw) switch for mobile phones and other
L, S-band applications from 0.05 to 3.0 GHz.

This device can operate from 1.8 to 5.3 V with low insertion
loss and high isolation. Performance is specified at both

1.8Vand 3.0 V.

The UPG2214TB is housed in a 6-pin super minimold
package suitable for high-density surface mounting.

APPLICATIONS

+ L, S-band digital cellular and cordless telephones
+ Bluetooth™  W-LAN, and WLL
+ Short Range Wireless

Radio parraide bez izS8kérdibas: legremdejamas antenas virziena darbibai



EDI ESPAR

Elektriska shema

ANT1

N\

C1

100pF
GND UPG2214TB L

IN  OUTH1
ouT2

VC1
VC2 GND
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EDI ESPAR

Spiesta plate

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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EDI ESPAR

Dielektriki iegremdeta antena

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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EDI ESPAR

Dielektriki iegremdeta antena

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI

Radio parraide bez izS8kérdibas: legremdejamas antenas virziena darbibai



EDI ESPAR

[101010] [100100] [101101] [10000O0]

[110001] [011110] [011111]

[010001] 10111 0] [110100]
h,=0.238
h,=0.250 A
r,=0.25 X
X,=open

X, =short
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EDI ESPAR

Divelementu testantena

Ivars Drikis, Karlis Priedttis, Leo Selavo EDI
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EDI ESPAR

Merijumi stenda

90°

180° 0°

270°
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Nobeigums

Secinajumi

Eksperimenti ar divelementu testantenu rada, ka antenas apskataja
virziendarbibu var vadit

Plates parazitiskajam kapacitatem lielaka ietekme neka tika
prognozets

Nakosais uzdevums: antenas salagosana

Ivars Drikis, Karlis Priedttis, Leo Selavo
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