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Uz zvaigzném caur érkskiem?

(vai — uzmini pareizi pirms esi iemacijies)
Spéles noteikumu maina — spéles laika?
Darbi, amata apraksti un atskaites
Publikacijas un sadarbiba — labi vai slikti?
Mekléjam paregotaju iepirkumiem...

Lai piedod mums koki par neskaitamajam papira atskaitém...




Pé&tnieciba vai Zinatnieku grupas izveide?
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Cilvéki un pétniecibas témas

Intereses
Aparatura
Programmatura
Bezvadu sensoru tikli
Praktiski pielietojumi
Signalu apstrade
Biometrija
Teorija
Fizika




Cilvéki un pétniecibas témas

Intereses Grupas, temas
Aparatura MansOS
Programmatura Operetajsistema BST
EdiMote

Bezvadu sensoru tikli
legulto sistému prototipésana

CarMote

Auto ka sensoru mezgls

Praktiski pielietojumi
Signalu apstrade

Biometrija BioSen
Teorija Biometrija, sensori, iegultas s.
Fizika SenSigA
Signalu apstrade
SAntArray

) Virziena darbibas antenas




25000

#include "stdmansos.h”
ludetsocket. . h”

=
i u (8] Ei=] 4/ the port number we will use
ivePight reading. display it on leds 20000
1Y ForDatai) f
uintl6_t receivediight:
MosSocket_t *socket: DI'\.-'IansDS
socketCreate (&socket. SreceivedlLight. sizeof(receivedLightl);
socketBind (socket, PORT): /¢ bind socket to the specified port 15000
while (13 {
cacketRecy (sacket) OMansOS w/ threads
setleds (receiwedLight):
¥
} @ Contiki
s/ periodically read light and broadcast it over radio 10000
static woid senseandSend(void) { .
MosSocket t *socket: .TlnyOS
socketCreate (&socket, MNULL, 0O):
while(1) €
uintl6 t light = readlLight(); :
socketSend (socket. NULL, PORT, &light, sizeof(light)): 5000 W Mantis
msleep (1000): ## put thread to sleep for a second
¥
b
/7 entry point for the application 0

void appMain (void) {
initSockets (MAC_SIMPLE. @); ~/ use simple CSMA-type MAC

defaultThreadCreate(listenForDatal: /., spawn a thread for listening i i i
senseAndSend(): // go to sending loop in the current thread Loop Radio Tx Radio Rx  Combined

bytes

SalidzinoS$s lietojumprogrammu binara koda
izmérs (baitos) vairakas operétajsisttmas

File Examples Options Windows Help

+vadee 00 _Bla

_ . Visual edit
main.c | mainsl 3¢

Edit actuator:| gutput
u=se Redled, period &0s;
read Light, period &0s;
read Humidity, period &603;
ocntput Radio;

Edit object: | Radia
tirnes:
period:

pattern:

Info | Listen module 1 > | Seal-Blockly handler =

Use default device Refresh Stop listening

Listening started.

© Leo Selavo, 2008.g. Kurss: Bezvadu sensoru tikli 6



EdiMote

Energijas patérina mérisana 4 kanaliem
Atklidosanas, profiléSanas un konfiguracijas vadiba

Sensoru modulu
konektors

Lietotaja ievads

JTAG konektors

Barosanas bloks

Konfiguréjama digitala

matrica
SD karte konfiguracijai
un zurnalésanai

Testa MCU modulis 4 kanalu komunikacija

un JTAG caur USB

Konfigurejama analoga matrica
Testa sensoru un RF moduli

Sensoru modulu konektori




CarMote

GCDC @ http://www.gcdc.net




BioSen

Sejas atpaziSanas precizitate

100 ——=
gg e
= 94 P
E %é f,*" Sejas atpaziSana péc 2D un 3D attéliem
H 86 ff
3 84 7
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Q"‘{f Q:n: Q:u: @ %Q \3.',‘ 3t
SN & ¥ E
2
Metode E

SPPL- svaru piemekléSana parametru limeni, SPBL—
svaru piemekléSana bloku limeni, ESP- empiriska svaru
piemekléSana, IM— iterativa metode.

Face region  LBP face ANN output
“+




SenSigA

A

\

Signala s(t) nolasu s(t,) izvietojums laika t,= ®-
T(nY) atkariba no 8T signala izrietosas funkcijas
o)
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Signala k!)détéjs un
raiditajs

J
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Signals (V)
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Filtra izejas signali (melna krasa)
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SAntArray

180°|

Antenas virziendarbibas mérijjumu stends un
uznemtas virziendarbibas diagrammas paraugs

0°

Izstradatas ESPAR antenas paraugs

. conupy %

30

31 def getESPAR1( RX, n, ha, hp, rp, rwire, na, f ):

32 context = nec_context()

33 MyNEC.setESPAR( context, RX, 1, ha, hp, rp, rwire, na, f )
34 return MyNEC.getPattern( context, nTheta2, nPhi, True )
35

36 def getESPAR( RX, n, ha, hp, rp, rwire, na, T ):

37 context = nec_context()

38 MyNEC.setESPAR( context, RX, n, ha, hp, rp, rwire, na, f )
39 return MyNEC.getPattern( context, nTheta2, nPhi, True )
40
414
42

43 def printTest( key, maxver, Zin, theta, phi, gain ):
44 prin MaxGain=t.5f B zin=%.2f%+.2f] Ohm * % (key,maxver,Zin.real,zin.imag),
45 print “=.5f" % (MyNEC.getPatternDens(gain,theta,phi))

46
47 #

48
49 def convDipole( L2, rwire, freq):
58 theta, phi = MyNEC.getPatternAngles( nTheta, nPhi, False )

51 arrh2 = []
52 arrGain = []
53 arrzin = (]

54 arrl = []

11




Optimizacijas

Failu koplietoSana un versijas
SVN, Dropbox
Komunikacija
Google grupas
Kalendars
Google kalendars
Zinatniska atskaite
XeLATEX + SVN + Parametrizeta sagatave
Labs trenins publikaciju rakstisanai
Publicitate
Timekla portals, preses relizes, Eventbrite, twitteris
Atskaites
Sagataves

12



Rezultats

4 magistra darbi
5 doktora disertacijas (vel top)

29 publikacijas, vel vairak prezentacijas
6 seminari

Jauna laboratorija
Jauni projekti, pieteikumi un iestrades

Jauni zinatnieki!
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Elektroniski vadamas antenas bez kustigiem
elementiem

Ivars Drikis, Leo Selavo

Eiropas Sociala fonda projekts ,Viedo sensoru un tiklotu iegulto sistému p&tijumu un attistibas

centrs (VieSenTIS)". Projekta Nr. 2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA /020



Motivacija

Parastas antenas sensoru tiklos

Ivars Drikis, Leo Se|avo

damas antenas bez kustigiem elementiem

Parasti sensoru mezgliem lieto antenas,
kuras visos virzienos izstaro vienadu jaudu.
Attiecigi arT ir vienadi jutigas visos virzienos

VienkarSa gan izgatavosana gan
ekspluatacija



Motivacija

Virziendarbibas antenu prieksrocibas

© ©
@ O ® m Informacijas parraidei starp diviem
@ o) sensoru mezgliem biitu nepiecieSams
e @©© mazaks energijas patéring
‘ @ ,@"‘©© m Sensoru mezgls varetu raidit, tikai tajos
© @ @ laika momentos, kad pret vinu “vérsta”
e @ © uztverosa antena
© © @ “‘.,@ m lespejams, ka vairaki sensoru mezglu
©@© pari vienlaikus vargtu lietot vienu un to

pasu sakaru kanalu

Ivars Drikis, Leo Selavo

adamas antenas bez kustigiem elementiem



Motivacija

Elektroniski vadamas antenas bez kustigiem elementiem

i T

Bl 3 s
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is, Leo Selavo

adamas antenas bez kustigiem elementiem



Antena

Septinu elementu antenas, EDI variants

Ivars Drikis, Leo Se|avo EDI

Elektroniski vadamas antenas bez kustigiem elementiem



Antena

Septinu elementu antenas modelis

Dielectric Material

T m
H

Ground Structure

He

m Antenas virziendarbibas mainu nodroSina mainigas pasivo elementu
reaktivas slodzes Xi,..., Xg

m Lai samazinatu izmérus, elementi ievietoti organiska stikla cilindra

Leo Selavo

Elektroniski vadamas antenas bez k m elementiem



Antena

Antenas darbibas principi

m Virziendarbibu nosaka aktiva un pasivo elementu starojuma
superpozicija
m Pasivie elementi energiju iegist no aktiva elementa tuva lauka

m Mainot reaktivas slodzes, mainas fazu nobide starp signaliem
antenas aktivaja un pasivaja elementos

niski vadamas antenas bez ku:

m elementiem



Antena

Grupas darba plans, Napoleoniskais variants

Izjust, ka antena strada:

m |zrakstit analitiku, kur vien iespgejams
m Veikt skaitliskus aprekinus vienkarSotam antenas modelim
m Veikt modeleksperimentus

Izgatavot prototipu un veikt virziendarbibas merijumus
Optimalas antenas izgatavo$ana:

m Geometrisko parametru optimizacija izmantojot inZenierprecizitates

datorsimulacijas
m Slodzes salagosanas problemas atrisinasana
m Virziendarbibas merjjumui

Sérijveida razoSanas uzsaksana

mas antenas bez k m elementiem



Ka strada: vienkarSota modela skaitliska simulacija

Programmaturas izveles kriteriji:

m Lauj izveidot vienkarSotu
antenas modeli

m Aprekini nav laikietilpigi

m Erti skripéjama

m Brivpiegjas, velams atverta
pirmkoda risinajums

Ivars Drikis, Leo Selavo

adamas antenas bez kustigiem elementiem



Momentu metode un NEC2 programmatura

file Edt Package Settings Help

- - - ik sean
m lzstradata Lawrence & kB [rec =
Livermore Laboratory, e e e
- - AmaturRado niverse) [ L nece oniaionf th NECE FORTRAN sorcecoe o e Clanguage
projektu sponsoré Naval oo system umwersel | | |E Thoecpp0 130 S2005010L 130+ sZ00501: byt sk NEC2 4+
communicaton e f
Ocean Systems Center un conmnicam vt [ et 1aon e
Air force Weapon Communcaton s || necom : f
o ltom B~ > eC2 Arenva ol System
e I
Y cross patform (universe) | || linecppdev 1.3.04<v5200801: development il for linecpp
L. . Daabases B qeme 0212 o based oo forvewingasennas s decbed by NEC s
m NEC2 atvasinajumus aktivi Databases (niverse) ’ . ’
3 . JH et
lieto radioamatieri Debug (unversel
— i Development ~ | No package is selected.
m leklauta popularakajas

LiNUX distribiicijas

status

saskarsne Python programmeésanas valodai

S

m Pieejamas NumPy, SciPy un Matplotlib bibliotekas

m Pieejamas bibliotekas ar gengtiskajiem algoritmiem

Elektroniski vad



Pirmie aprekinu rezultati

m X; maina virziendarbibas
diagrammu

m Mainot h, var noskanot antenu
rezonanse N

m Mainot h, var noskanot X; X3
mainas robezas

m Mainot r, mainas viss

is, Leo Selavo

adamas antenas bez kustigiem elementiem



Meklgjot rezonansi maina h,

80 T T T T T T T 0.45 T T T T T T
60 s 1040+ \\\ g
40 o] 1 o035f R
¢ 20 /-*/ < 030
™~ ~ She — hq=0.8h,
of 1 025H — ha=0.9n —
. ooof| — fra=1.0km
B N — ha=1.1hn
00 80 60 40 20 0 20 40 60 "'%a 96 98 100 102 104 106 10&
Xo0,Q Gain, dBi
045 " " 045 T Mainot h, saglabajot hp/hj pie
i 1 | | rp € [0.18,0.42] . Seit hy -
040 e B N N N manopola antenas rezonanses garums
035 1 035f
< L = L i m iesp&jams noskanot uz rezonansi
2030 2030 Iz =0
0.25H 4 025} 4 = mainas [Xg, . . ., X5] vértibu
diapazons
0.20 1 o2 R
015 20 40 60 8 100 120 140 “'%60 40 20 0 20 40 60 8 100
Re(Zin), Q@ Im(Zin), @

ntiem



ESPARY antenas virziendarbibas sinteze

E6,¢) = iyE(0 +Z, e E®D, )

E(9, ¢) - normé&ts monopola antenas lauks
ip - strava antenas aktiva elementa ieeja
ij - stravas antenas pasivo elementu ieejas

Stravas j; aprekina izmantojot izmantot vienadojumu sistému, kur Zj; ir
antenas impedances matricas elementi

io Zoo Zo1 Zog uo
i Zio Zu+jiX1 ... Zig 0

i6 ZGO ZGl ce ZG6 +_/X6 0

Ivars Drikis, Leo Selavo




Z-matricas simetrijas pasibas, h, # h,

0.4
\\
\
\
0.2
\ \\ —
——
0.
0. 0.5 1.0 15 2.0 25
/A

mas antenas bez k

m elementiem

Zo2
Z12

Ziiz
Zy2

Zs2

Zo3

Zsa

Zx).’»

Z(‘m

Z 66



Virziendarbibas diagrammu skelumi




EdiNec programmatira

import matplotlib.pyplot as plt
import numpy as np

import PyNEC as nec

context=nec.nec__context()

geo = context.get__geometry ()
geo.wire(1,7,0.,0.,0.,0.,0.,0.022,0.001,1,1)
geo.wire(2,7,0.030,0.,0.,0.03,0.,0.022,0.001,1,1)

9 geo.wire(3,7,0.015,0.026,0.,0.015,0.026,0.022,0.001,1,1)

10 geo.wire(4,7,-0.015,0.026,0.,-0.015,0.026,0.022,0.001,1,1)
11 geo.wire(5,7,-0.030,0.,0.,-0.030,0.,0.022,0.001,1,1)

12 geo.wire(6,7,-0.015,-0.026,0.,-0.015,-0.026,0.022,0.001,1,1)
13 geo.wire(7,7,0.015,-0.026,0.,0.015,-0.026,0.022,0.001,1,1)
14 context.geometry_ complete( 1 )

16 context.gn_card(1,0,0.,0.,
17 context.ex_card(0,1
18 context.fr card(0,1
19 context.ld card(4,2
20 context.ld card(4,3
21 context.ld card(4,4
5
6
7

22 context.ld_card(4,
23 context.ld_card(4,
24 context.ld_card(4,

,0.,0.,5.,180.,0.,0.)

26 context.rp_card(0,19,2,1,0,0,0
1 ,0,90.,0.,0.,5.,0.,0.)

0
27 context.rp_card(0,1,73,1,0,0

29 rp_hor = context.get_radiation_pattern( 1 )
30 hgain = rp_hor.get_gain_tot() [:,0]
31 phi = np.pi/180.%rp_hor.get_ coordinates()[:,0,2]

[LIENERE S

o

10

12
13
14
15
16

import matplotlib.pyplot as plt
import numpy as np
import edinec

e = edinec.antenna.espar7 (lamHa=0.179,
lamHp=0.179 JamRp=0.244)

e RX = np.array([-14J,-65J,39J,17J,39J
,-65J])

e.setGeometry ()

e.setExcitation()

e.setLoad()

e.setPatternSymVH()

theta,phi = e.getPatternSymVHAngles()
maxgain, vgain, hgain = e.getPatternSymVH()
plt . polar(theta,edinec.dB2lin(vgain))

plt . polar(phi,edinec.dB2lin(hgain))
plt.savefig(’espar8.eps’)

oniski vadamas antenas bez kustigiem elementiem



InZenieraprekinu precizitates aprekini
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Stends

Sensoru tikls antenas virziendarbibas noteiksanai

Rotejosa
platforma

Solu dzingjs

Datu apstarde un grafiska
vizualizacija notiek uz datora

m Antenu virziendarbibas diagrammas horizontala $keluma mériSana
2.44 GHz diapazona. Var mainit nomainot sensoru mezglus.

m lekarta spej darboties no 12 V sprieguma, iespgjams veikt lauka
merijumus.

m elementiem



Stends

Sensoru tikls antenas virziendarbibas noteiksanai

Ivars Drikis, Leo Selavo EDI

Elektroniski vadamas antenas bez kustigiem elementiem



Stends

SENEVCEIES

:\'3]5’&3’"

O
0:0g §

HO14-4787

E
&

00

i.

EDI

Ivars Drikis, Leo Selavo
Elektroniski vadamas antenas bez kustigiem elementiem



Stends

Merijumi un rezultati




Modeleksperimenti

X; - parvades [inijas posms uz montazas plates

Yy
2o 50
€ 4.6
W, 1 h 1.5 mm
e t 35 um
. f 2.44 GHz
N w 2.699 mm
0.25X | 16.58 mm

http://wwwl.sphere.ne.jp/i-lab/ilab/tool/ms_ line__e.htm

Ivars Drikis, Leo Se|avo

vadamas antenas bez kustigiem elementiem


http://www1.sphere.ne.jp/i-lab/ilab/tool/ms_line_e.htm

Modeleksperimenti

Nenoslegta parvades linija, ieskats teorija

I
|1 131 /4 :;uz 2 14
| |
| | | | ¥
R
| |

|

s s ST |

| | i
|

. e
| | LT

Ivars Drikis, Leo Selavo

Elektroniski vadamas antenas bez kustigiem elementiem



Modeleksperimenti

Modela eksperimenti

Ivars Drikis, Leo Selavo EDI

Elektroniski vadamas antenas bez kustigiem elementiem



Merijumu rezultati

180°

Modeleksperimenti

1=23.0 mm
1=22.0 mm




Merijumu

180°

rezultati

Modeleksperimenti

1=23.0 mm
1=22.0 mm
1=21.0 mm




Merijumu rezultati

180°

Modeleksperimenti

1=23.0 mm
1=21.0 mm
1=20.0 mm




Merijumu rezultati

180°

Modeleksperimenti

1=23.0 mm
1=20.0 mm
1=19.0 mm




Merijumu rezultati

Elektroniski vad

180°

as antenas bez kustigiem elem

Modeleksperimenti

1=23.0 mm
1=19.0 mm
1=18.0 mm




Merijumu rezultati

180°

Modeleksperimenti

1=23.0 mm
1=18.0 mm
1=17.0 mm




Merijumu rezultati

180°

Modeleksperimenti

1=23.0 mm
1=17.0 mm
1=16.0 mm




Merijumu rezultati

180°

m elementiem

Modeleksperimenti

1=23.0 mm
1=17.0 mm
1=16.0 mm
1=15.0 mm

0°




Modeleksperimenti

Merijumu rezultati

— [=23.0mm
— [=17.0 mm
— [=16.0 mm
— |=14.0 mm

180°

Elektroniski vadamas antenas bez kustigiem elementiem



Modeleksperimenti

Merijumu rezultati

— [=23.0mm
— [=17.0 mm
— [=16.0 mm
— [=13.0 mm

180°

Elektroniski vadamas antenas bez kustigiem elementiem



Modeleksperimenti

Merijumu rezultati

— [=23.0mm
— [=17.0 mm
— [=16.0 mm
— [=12.0 mm

180°

Elektroniski vadamas antenas bez kustigiem elementiem



Modeleksperimenti

Merijumu rezultati

— [=23.0mm
— [=17.0 mm
— [=16.0 mm
— |=11.0 mm

180°

Elektroniski vadamas antenas bez kustigiem elementiem



Prototips

Reaktivas pretestibas vadibas elektriska shema




Prototips

Elektriska shema un montaza

ANT1
c1
100pF
GND SUPGZZMTB 1 Ly
SL1 1000‘“{[ N oo L1
3 il
‘f 1o A vez ano c4a |cs
1000pF Cx IOOpF
GND  GND GND GND GND

Elektroniski vadamas antenas bez kustigiem el




Prototips

Divelementu testantenas merijumu rezultati

270°

eo Selavo

mas antenas bez ku: elementiem



Prototips

Reaktivas pretestibas ka [inijas

ANTA

Us1
IN OUTt

IJP_1—|—| OouT2
VCH

!YBHSMDA 5X1.5 o

> VC2 GND
I L=t

MO1SMD-4.5X1.5 | 1000 | 1000 GND

(2]

£ (o)

T

GND

Leo Selavo

vadamas antenas bez ku:



Secinajumi

Grupas darba plans

Izjust, ka antena strada:

m |zrakstit analitiku, kur vien iespgejams
m Veikt skaitliskus aprekinus vienkarSotam antenas modelim

m Veikt modeleksperimentus
Izgatavot prototipu un veikt virziendarbibas merijumus
Optimalas antenas izgatavo$ana:

m Geometrisko parametru optimizacija izmantojot inZenierprecizitates
datorsimulacijas

m Slodzes salagosanas problemas atrisinasana

m Virziendarbibas merjjumui

Sérijveida razoSanas uzsaksana

m elementiem



Secinajumi

Rezultati

Virziendarbibas meérijumu stends
EdiNEC programmatiura
Antenu prototipi

lestrades slodzes salagosanas problémas atrisinasana

m elementiem
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Motivacija

A5(2)

Vienmériga datu ieguve ne vienmer ir
efektiva

s(t,) sy

Vai to var padarit “"gudraku”? \ |
Kada ir probléma? Y

= vienkarsojas datu ieguve, bet
sarezgitaka kldst to apstrade

Meérkis: izstradat uz signalatkarigu apstradi

vérstu signalu teoriju

Y~

Power savings during

Input *MWW 1
L L L L L L L L L L \\
N inactive or low-activity
OCESSOr
Processor inputs
Power
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Furjé rinda

ll- | IT | | L -
. . . — . . " — . 1';':
Periodiskus signalus var izteikt ar Furjé rindu:
05}
s(t):%a0+nze; ancos(nz?ntansin(nzTTrt)) E °‘_;
g |
2t0+T 4_05
a,== [ s(t)cos(n"=t)dt
T i
2t0+T 2 1
. T
bn:? ‘tf S(t)sln(nT[)dt fT:T 0 4 Laikas[s} 12 16
0 E ;
Kompleksu eksponentfunkciju Furjé rinda R f\/
> 2T 1 el —jnz—nt < -1
S(t)ZnZ‘wcne] ! cnz?{s(t)e T dt o 4 ‘Laikss(s)' 12 16
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Furjé rinda '

] 4

IG
Laiks (s)

= Periodiskus signalus var izteikt ar paplasinato

e
Furjé rindu:
n—2T_ (1) us 2
s(l‘)zzdﬂej 2" A
nez ;
y ] }s(t) —jn%w)dt fom 1
= e — e
" (T4 g 1) "oe(T)

8 12 16

kur 1/g(¢)>0 ar periodiska ar periodu 7 Laiks ()
funkcija un

<I)(t)=fg('r)d'r

¢

Amplituda (V)

|
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o

o
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Amplitida (V)
o

Amplitida (V)
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|dn| 0.4

Amplitida (V)
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Furjé transformacija

= Klasiska Furjé transformacija:

Fls(t)|=lim ¢, T= T s(t)e 7" dt

T— o0

= Paplasinata Furjé transformacija:

ﬁ[s(t),g(t)]Z;iilgo d,®(T)= [ %engdjmdt

L —

€ -

Amplitida (V)
o
I

R E—

Laiks (s)
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Nolasu teoréma

= Klasiska nolasu teoréma: frekvendu josla [[dz 2 ierobeZots signals s(¢) ir
pilniba determinéts, ja uzdotas ta vértibas vienmérigi izvietotos laika

momentos ¢, =nt arsoli T<m/Q
Fls(¢)]=0,ja |w|>0Q

= Signala atjaunoSanas formula:

sinc(7rt)

0 AN Fay ﬂ f\ VAV vr
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Nolasu teoréma

- Paplasinata nolasu teoréma: frekvencu josla lidz 2 ierobezots S|gnals s(t)
ir pilntba determinéts, ja uzdotas ta vértibas laika momentos ¢,=9 "(nY)ar
soli Y <m/Q, )

A D(2) Fls(t),g(t)]=0,ja |a)g|>.Qg

or
&Y
7
6Y
57
4Y
r
2Y

= Signala atjaunoSanas formula:

Z s(t )sinc( ¥ (¢(f)—¢(fn)))
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A
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Nolasu teoréma

t

A D(1)

teorémas izriet klasiska, ja & (¢)=¢
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Pielietojumi

= Filtracija ar laika mainigas frekvencCu caurlaides joslas filtru

2 Hz

Amplituda (V)

Amplituda (V)
o
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-3 — 1 Laiks (s)
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Pielietojumi

= Filtracija ar laikd mainigas frekvencCu caurlaides joslas filtru

Signals Filtra caurlaides josla
6 T T
2 _
3 L / 2mg(t)
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Pielietojumi

Filtracija ar laika mainigas frekvencCu caurlaides joslas filtru

— Signalu var izteikt:

. J"¢(T)¢(f) ’ | o ® !
_Z dne 00
nez @
T 2w ‘
d,=— [ S ey, 08| |
8T g0 ; I
21 |

— Koeficienti d, atbilst frekvencém 5

&(T) 0.4
— |zvélas filtra caurlaides maksimalo frekvenci _Qg T T ﬁ
T@W‘F T I T

f , TT ﬂ Eﬂ ?TT@T
-0.4 -0.2 li]
~ V)% —Q Q

27T J ¢
— No signala s (;) rindas ierobezota skaita ln|<N koeficientiem d, atrod ST1 signala
aproksimaciju — filtréto versiju

— Atrod Sai frekvencei atbilstoSo N :
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7 2(0)

Z de]n )
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Filtracija ar laika mainigas frekvencu caurlaides joslas filtru
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Pielietojumi

= Filtracija ar laika mainigas frekvencCu caurlaides joslas filtru
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Pielietojumi

= Filtracija ar laika mainigas frekvencCu caurlaides joslas filtru
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Pielietojumi

= Filtracija ar laikd mainigas frekvencCu caurlaides joslas filtru
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Pielietojumi

= Filtracija ar laika mainigas frekvencCu caurlaides joslas filtru
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Pielietojumi

Signalu atjaunosSana no limenu-Skérsojumu (LC) nolasém

A 5(2)
4
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Pielietojumi

= Signalu atjaunosana no Iimenu-Skeérsojumu (LC) nolasém

A S(7)

-

A ti?la’-f.\'

= AtjaunoSanas rezultatu nosaka maksimalais attalums A¢, =max (¢, ,—1,)
starp blakus esoSam nolasem
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Pielietojumi

Ja nem veéra klasisko nolasu teorému, tad nepiecieSamais nosacijums
T
A tmaxST_E

zemak redzamaja pieméra neizpildas

A s(7)
!
| | >
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Pielietojumi

A D(1)

Ja nem véra paplasinato nolasu teorému,
tad nepiecieSamais nosacijums tiek
rakstits nevis A¢, _ vértibai, bet gan

b1,
A¢max:max(¢(tk+l)_¢<tk)): o L

Ap <y=10
max Q

g

Tagad pieméra redzamajam signalam
nepiecieSamais nosacijums izpildas

Secinajums: izmantojot paplasinato
nolasu teorému, iesp&jama preciza
signalu atjaunosana no retak izvietotam
nolasém neka to nosaka klasiska teorija

2
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Pielietojumi

= AjaunoSanas algoritms:

Solt) = Bl5,)(1)]

n

Si(t) = 5,(e)+ B[S, (1)]

§,(¢) - atjaunotais signals péc i-tas iteracijas
5,.,(t) -noladu s(z,) interpolacijas signals
B - laika mainigas filtracijas operators
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Pielietojumi

= AjaunoSanas algoritms:

Solt) = Bl5,)(1)]

n

Si(t) = 5,(e)+ B[S, (1)]

§,(¢) - atjaunotais signals péc i-tas iteracijas
5,.,(t) -noladu s(z,) interpolacijas signals
B - laika mainigas filtracijas operators
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Pielietojumi

= AjaunoSanas algoritms:

Solt) = Bl5,)(1)]

n

Sinlt) = 5,(t)+ B[S (1)]
§,(¢) - atjaunotais signals péc i-tas iteracijas
5,.,(t) -noladu s(z,) interpolacijas signals
B - laika mainigas filtracijas operators

No LC nolasém atrasta signala laika
mainiga frekvencu josla
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Pielietojumi

= AjaunoSanas algoritms:

Solt) = Bl5,)(1)]

n

Si(t) = 5,(e)+ B[S, (1)]

§,(¢) - atjaunotais signals péc i-tas iteracijas
S5,,(t) -noladu s(z,) interpolacijas signals

Frekvence (Hz)

No LC nolasém atrasta signala laika
mainiga frekvencu josla
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= AjaunoSanas algoritms:
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No LC nolasém atrasta signala laika

n Ajaunoéanas algoritms: 2mainTg:‘a frekvencu josla
So(¢) = B[5,(1)]
Sea(t) = 5,(0)+B[5 s (0)]
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Pielietojumi

AtjaunoSanas piemers:

No LC nolasém atrasta signala laika
mainiga frekvencu josla
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Kopsavilkums un secinajumi

Saistiba ar signalu signalatkarigu diskretizaciju ieviesti jauni signalu apstrades
jédzieni:
paplasinata Furjé rinda (no tas izriet paplasinata Furjé transformacija)
paplasinata nolasu teoréma

|zstradata teorija ir solis tuvak no signala atkarigu datu ieguves panémienu ievieSanai
praktiskos pielietojumos

Publikacijas:
Modris Greitans, Rolands Shavelis “Reconstruction of sequences of arbitrary-shaped pulses from its low-

pass or band-pass approximations using spectrum extrapolation”, Proceedings of the 18th European Signal
Processing Conference EUSIPCO 2010, Aalborg, Denmark, Aug., 2010, pp. 1607-1611

M.Greitans, R.Shavelis, L.Fesquet and T.Beyrouthy, "Combined peak and level-crossing sampling
scheme", The 9th International Conference on Sampling Theory and Applications SampTA 2011,
Singapore, May 2-6, 2011

T.Beyrouthy, L.Fesquet, M.Greitans, R.Shavelis and R.Roland, "An asynchronous FIR filter architecture
coupled to a level-crossing ADC", The 9th International Conference on Sampling Theory and Applications
SampTA 2011, Singapore, May 2-6, 2011

R.Shavelis and M.Greitans, "Signal Sampling According to Time-Varying Bandwidth", 20th European Signal
Processing Conference (EUSIPCO-2012), Bucharest, Romania, August 27-31, 2012. (Electronic
Proceedings) pp. 1164-1168
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Paldies par uzmanibu !
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Multimodalu datu ieguve un
apstrade viedam transporta
sistemam.

Andris Gordjusins

Artis Mednis
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Petniecibas temas

. Cela nelidzenumu detektésana

- Izmantojot audio signalu apstradi uz klépjdatora/personala datora

- izmantojot Android iekartas ar ieblveto akselerometru

. Transporta lidzekla kustibas rezima identificEsana realaja laika
. Augstas precizitates pozicijas un orientacijas noteikSana

. Adaptiva kruizkontrole

. Komunikacija viedas transporta sistemas un 802.11p standarts

(sinergija VPP IMIS un ESF VieSenTIS)



Cela nelidzenumu detektesana (1)

Analizéta bedre “Analiz&jamais skanas signals
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ela nelidzenumu detektesana (2

8 Pothole
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Fig. 1. Pothole detection ulgl)]'i[hl!'l Z-THRESH. Events are mpm““md h}' Fig. 3. Pothole detection algorithm STDEV(Z). Events are represented by
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Fig. 2. Pothole detection algorithm Z-DIFF. Events are represented by Fig. 4. Pothole detection algorithm G-ZERO. Events are represented by tuple
consecutive measurements with difference value above specific threshold level. of measurements with all three axis values below specific threshold level.



Transporta lidzekla kustibas rezima

identificesana realaja laika

kustibas rezima identificésana kustibas rezima identificesana
pielietojot GPS uztvéréju pielietojot 3-ass akselerometru
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Augstas precizitates pozicijas un

orientacijas noteiksana

INS modulis
\ Navigacijas sistemas

programmatiira

/ datora
GPS modulis

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

IMU Tstermina pozicijas kluda ir
salidzinosSi neliela, tomér vidégja
kvadratiska pozicijas klida ar laiku
uzkrajas;

Integréts navigacijas risinajums apvieno
labako no abam pieejam.
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Augstas precizitates
navigacijas sistemas risinajums
- zemas izmaksas

- kompakts un viegli pielietojams
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Adaptiva kruizkontrole




Secinajumi

Automasina ka mobilais sensoru mezgls var dot labumu gan tas vaditajam
laicigi pazinojot par notikumiem cela gan ari citem vaditajiem.

Cela nelidzenumu detektéSanas sistémas, kas lietotu misu algoritmus var

laicigi nodroSinat cela remonta brigades ar informaciju par cela posmu
stavokli.

Transporta lidzekla kustibas rezima identificéSanas realaja laika sistémai var
blt daudzi interesanti lietojumi. Viens no tiem — apkopojot sistémas datus ar
degvielas daudzuma sensoru datiem var noteikt degvielas zagSanas
gadijumus.

|zstradatai augstas precizitates pozicijas noteikSanas sistémai ir zemas
izmaksas, ta ir kompakta un viegli lietojama.

|zstradata kruiz kontroles sistéma lauj nodroSinat daudz isaku par cilvéka
reakcijas laiku uz notikumiem. Pie ta, S1 sistéma |auj ne tikai noturét
uzstaditu atrumu, bet ari pielagoties pie satriksmes pllismas atruma.



Paldies par uzmanibu!
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Strazdins, Martins Liepins, @ndris Gordjusins, Leo Selavo, Proc. of 2nd Int. conf. Networked Digital
Technologies (NDT 2010), Cehija, Praga, 2010.

“Team 'Latvia' GCDC 2011 Technical Paper”, in The Grand Cooperative Driving Challenge (GCDC 2011),
associated with Automotive Week 2011, G. Strazdins, A. Gordjusins, G. Kanonirs, V. Kurmis, A. Mednis, R.
Zviedris, L. Selavo, Niderlande, Helmonda, 2011.

“Towards Vehicular Sensor Networks with Android Smartphones for Road Surface Monitoring”, Girts
Strazdins, Artis Mednis, Georgijs Kanonirs, Reinholds Zviedris, Leo Se!avo, Proc. of the 2nd International
Workshop on Networks of Cooperating Objects (CONET 2011), ASV, Cikaga, 2011.

“‘Real Time Pothole Detection using Android Smartphones with Accelerometers”, Artis Mednis, Girts Strazdins,
Reinholds Zviedris, Georgijs Kanonirs, Leo Selavo, Proc. of the 2nd International Workshop on Mobility in
Wireless Sensor Networks (MobiSensor 2011), Spanija, Barselona, 2011.

“Virtual Ground Truth in Vehicular Sensing Experiments: How to Mark it Accurately”, Girts Strazdins, Artis
Mednis, Reinholds Zviedris, Georgijs Kanonirs, Leo Selavo, Proc. of the 5th International Conference on
Sensor Technologies and Applications (SENSORCOMM 2011), Francija, Nice / Saint Laurent du Var, 2011.

“Adaptive Vehicle Mode Monitoring using Embedded Devices with Accelerometers”, Artis Mednis, Georgijs
Kanonirs, Leo Selavo, Proc. of the 10th Conference on Practical Applications of Agents and Multi-Agent
Systems (PAAMS 12), Spanija, Salamanca, 2012.



OFH0

A MansOS o

http://mansos.net

MansOS operétajsistéma no idejas
l[idz pielietojumam

Leo Selavo, AtisElsts

Projektu atbalsta ESF aktivitate 1.1.1.2., projekta Nr.:
2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA/020

— [/ ] ES‘ IEGULDIJUMS TAVA NAKOTNE
ELEKTRONIKAS UN | | INSTITUTE OF g
EIROPAS SOCIALAIS

DATORZINATNU ELECTRONICS AND
INSTITUTS COMPUTER SCIENCE ... [FONDs




Mérka...

Auditorija
Lietotaji ar minimalam vai bez
priekSzinasanam
*NIX un C zinosi lietotaji

Jaunu platformu izstradataji

Aparatura

legulta aparatura ar
ierobezotiem resursiem

Sensoru mezgli

USB Connector USB Connector

-E Expansion

Connector USB to Serial
Converter
User Btn 2

: | Reset Btn

JTAG
Connector

Photo & Solar
Sensor

USB to Serial - Reset Btn
Converter Hum. & Temp. &
Sensor ; il
Connector
CC2420

Radio

SMA

Antenna e oSt Antenna
Connector ‘ Connector

Internal PCB Antenna Expansion

Internal PCB Antenna
MSP MCU & 2KB Flash are on back of Tmote CONNECtOT




Hello World!

. D N
main( ) int main()
{ {
extrn a, b, c; printf("hello, world");
putchar(a); return 0;
putchar(b); }
putchar(c);
putchar('!*n");
}
a 'hell’;
b 'o, w';
c 'orld';
\ AN J
s aVa A
Brian Kernighan, 1972, Tutorial Brian Kernighan, 1974,
Introduction to the Language B Programming in C: A Tutorial
\ AN J




Hello World - funkcija

140

120

100

a0

B0

40

20

< "Hello warld!" points |

Fitted curme

Vs

.

from math import *
def f(x):

return int(round(96.75 + -21.98%cos(x*1.118) + 13.29*sin(x*1.118) + -8.387*cos(2*x*1.118)\
+ 17.94%sin(2*x*1.118) + 1.265*cos(3*x*1.118) + 16.58*sin(3*x*1.118)\
+ 3.988%cos(4*x*1.118) + 8.463*sin(4*x*1.118) + 0.3583*cos(5*x*1.118)\
+ 5.878%sin(5*x*1.118)))

print "".join([chr(f(x)) for x in range(12)])




Blink (World)!

-

configuration BlinkAppC

TinyOS

)

{
}

implementation

{
components MainC, BlinkC, LedsC;
components new TimerMilliC() as Timero;

BlinkC -> MainC.Boot;

BlinkC.Timer® -> Timereo;
BlinkC.Leds -> LedsC;

#include "Timer.h"

module BlinkC @safe()
{
uses interface Timer<TMilli> as Timero;
uses interface Leds;
uses interface Boot;
}
implementation
{
event void Boot.booted()
{
call Timere@.startPeriodic( 1000 );
}

event void Timero.fired()

{
dbg("BlinkC", "Timer © fired @ %s.\n", sim_time_string());
call Leds.led@Toggle();
}
}

-

void appMain(void)

{

while(1)

{

}

toggleRedLed();
busyWait(100000) ;

|

( MansOS L

Use Redled, period 1s

-

SEAL (MansOS)

Use GXZIET) || period £363

SEAL-Blockly

~




MansOS plasaka konteksta

iy
/ / s based an
Implements

WSN ]
software Mantis LiteOS Contiki (Ardumo sof‘tware)
mfluences 5 based on mah ts s IDE for
nfluences o | Arduino IDE ]
AL

g bemen!

TinyOS 4<% MansOS A

nflushc

2c=(sEaL IDE)  (SEAL Blockly)—=F=t=u{ Blockly J***=*}{ scratch)
J/
- 4

@ - programming language
() -visual programming language
() -0sSorsoftware libraries

( | -integrated development environment




MansOS operétajsistéma

Viegli lietojama
Programmétajiem ar valodas C un OS UNIX zinasanam
Neprasa jaunu programmeésanas paradigmu apguvi

- . . -
Vairakplatformu, viegli parnesama
157 adsB63BSelectChannel(ADSBE38_CHANNEL 0, ADSBG38_RANGE_CONFIG);
. — 158 #endif
Nav viena aparatiliras standarta
160 INIT_PRINTF("init humidity sensor...'n");
- . . . g - 161 humidityInit();
Konkréts lietojums < specifiska aparatira 182 | penait
163 #ifdef USE_ACCEL
164 INIT_PRINTF("init accelerometer...%n");
ey 165 accellnit();
Efektlva 166 #endif
167 #ifdef USE_TIMESYNC
(= - N 168 INIT_PRINTF("init base station time sync...%wn");
Nav “jamaksa” par to, ko nelieto!
) - 170 #endif
171 #ifdef USE_SMP
172 INIT_PRINTF("init SSMP...\n");
173 smpInit();
174 #endif
i i 175 #ifdef USE_REPROGRAMMING
App“catlon COde 176 INIT_PRINTF("init reprogramming...%n");
177 bootParamsInit();
178 #endif
[ 179 #ifdef USE_FS
Blel Edt View Bookmarks IRES INIT_PRINTF("init file system...\n");
181 FsInit();
atisf@atis-desktop:~/wol g2 Sandif b
HIL  Radio Alarms Int. flash Mans0S command shell; | 183 #ifdef USE_SEAL_COMM
U) 184 INIT_PRINTF("init SEAL cemmunications...wn");
LED SPI Ext. flash $ help 185 sealCommInit();
available commands: 186 #endif
* v 1s 187
led (Ied|green|hlue) [ 188 INIT_PRINTF("starting the application...™n"};
@) | platforms & architectures sense e !
Hardware-indep. implementations I/0 port binding get <0lb> 191
Set <0ID> <type> <valud 132
Function binding Platform constants select [<address>] 193
load [<file>] 194 int main(void)
+ ‘r program [<address>] 195 =i L
. reboot 196 initSystem();
Chips . :
quit —— eXit program
MCU —— Radio ~ Flash — Sensors help —— show this help
1s
Q MSP430 ’7 cc1lo01 M25FP80 SHTxx l$.istj_ng all motes...
A mote with:
Atmega cczaz0 | AT25DF 15129003 Mote type: "0" (Tmote Sky)
| PAN address: "0x03b0"
IEEE address: "00:12:75:11:6e:de:cd:01" i
v
| shell: shell




Arhitektira

b i apps
P [ doc
b | include
b [ arch
¥ [ chips
b | fatfs
Pl
b | hil
b [include
b [ kernel
b [ lib
b [l make
P | net
¥ [ platforms
b [ smp
v [ tools
b [ dumpserial
¥ [ http
b iar
b [WIDE
b |l parser
P [ proxy
b [ seal
b | shell
|_| CREDITS.bxt
|| README.txt

Modulara, portéjama
Arhitektura
Cipi
Platforma
Aparaturas neatkariga
saskarne

Kodols
Tikla atbalsts
Failu sistéema

lzstrades riku atbalsts
MAKE sistema
IDE

Application code

¥ ¥

£\ MansOS

HIL | Radie

LED 5P|

Alarms Int. flash

Ext. flash

Y

Y

Platforms & architectures
Hardware-indep. implementations

Function binding

I/0 port binding

Platform constants

Chips
MCU ’, Radio — Flash —‘ — Sensors
MSP430 CC1101 M25PB0 SHTxx
Atmega CC2420 AT25DF 15L29003




Veiktspégja

30000

25000

20000

15000

10000

5000

25000

none  Hlink print ~ mthread
26576 27526 27018
16880
15246
3674
11836 12792
8678
7122
5556
1498
Blink SADMote SADBase

Koda izméra optimizacija

20000
OMans0S
15000
- OMansOS w/ threads
=
2 i
10000 @ Contiki
E Tiny 05
3000 W Mantis
0
Loop Radio Tx RadioRx Combhined
SalidzinoS$s lietojumprogrammu binara koda
izmérs (baitos) vairakas operétajsisttmas
Components:
B Chip-specific code
B Architecture-specific code
O Platfiorm-specific code
B Interface layer code
B Kernel code
O MNetwork protocol code
M File system code
@ Library code
a) all b) TelosB
Portable code proportions:
mDevice-dependent code

b) TelosB

MansOS source code distribution

O Device-independent code

© Leo Selavo, 2008.g.

Kurss: Bezvadu sensoru tikli




SEAL |

Sensor statements | | Processing statements
S EAI Va I Od a | Actuator statements | |  State statements

| Output statements | | Conditions
Component library LED
(Python) Light | Temperature Radi
Merkls: Humidity | Accelerometer e
' Serial
laut programmet sensoru tiklus nespecialistiem! Runtime
(CInesc) ‘ManSOS Contiki Tiny0S

Deklarativa valoda, apraksta:
Kadas komponentes lietot

Light

Network

Humidity

Temperature Flash chip

Ar kadiem parametriem

Analog inputs SD card

Data generation 4' Data processing —s= Data storage /
dissemination

Digital inputs File system

Kompakta un viegli lasama sintakse

Serial interface
Waveforms

Vizuala programmeésana:

Integréta programmu izstrades vide T empe ptons Thndows Dep
FIE A=K K ¢

main.c | mainsl >

Programmeésana no tikla parluka

Visual edit

Edit actuator cutput
nse Redled, period &0s;

] read Light, period 60s; Edit object: | Radio
read Temperature, period 10s; read Bumidity, Period 60s:| || times
ontpnt Radio;
output Network; period:

when Temperature > 40C: > | || pattem:
use RedLed ’ on; Info | Listen module 1 | Seal-Blockly handler
end Use default device v

Refresh Stop listening

Listening started.

10



M a nSOS BI : Ckly &« — C [J filey//D:fseal-blockly/blockly/seal/playground-seal.html T —

Seal - Blocky ™ Seal |

Playground o cdLed
read (IR | period

| Export to XML | == ADC 60
Export to XML |ADC | el CIEET | pored BE
Import from XML

output G

— TJ=e Redled, periocd 5=;
read Read Light, period Sa; “]

Read Humidity, period 5s;

Cutput Radio;

iwhen B D @) €9
| baudrate [EENN)
Use - @
Lol RedLed JIE{ On_
== CRMVERY Redled I Off
M
ANl Radio |

Try your app:

<

+| NetworkRead
!
@ 1 RemotePacket S Light J| < 550
l_JSE.‘ ' On

L —

== CNMVESY Redled I Off
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Sensori auglu darza

Preciza lauksaimnieciba, mikroklimata mérijjumi 3
auglu darza:

Temeratilira, mitrums, gaisma
Lieto agrozinatnieki Latvijas Valsts Auglkopibas
institGta @ 1 LVAI eka

17 mezglu tikls 2011. gada (septembris- y N , 2. Meteostacija
. Yy & ! 3. Lauks ar 11 SADmotem
novembris) -

Vairak neka 50000 lasijumu
19 mezglu tikls 2012. gada (augusts-novembris)
Vairak neka 200000 lasTjumu
Lieto MansOS & SEAL:
Visa tikla programmésanai: tikai 14 rindinas

koda!
! " s
R = /
()] —7 (( )]
~ @
o ¢» ﬂ— —— 0.
Wasp Wasp WiFi WiFi End user
* mote \ mote router router ~ Database &
. web server
SAD ' (
motes Multihop 7
link 7

12



A Ma nsos http://mansos.net

Portable and easy-to-use WSN operating system

Home About Documentation Download Publications Credits Contacts Search

FEATURED MANSDS SOURCE ACTIVITY

What iS ManSOS? = Revision 699: more FAT

December 7, 2012 afis.elsis
= Revision 698: attempt to fix
upload on windows 8
December 7, 2012 afis.elsts
= Revision 697: SM3:
= Analog and digital sensors (including I?C and SPI protocols) E E automatically disable radio
= GPIO port access when not used December 7,

» GPS data access (using NMEA protocol) 2012 atis.elsts

_— . = Revision 696: PDR test: reset
= Unlimited number of software timers addressing mode December

MansOS is an operating system for wireless sensor networks (WSN) and other
resource-constrained embedded systems. It supports:

= Low energy consumption modes i | 5 2012 atis.elsts

= Parallel execution (optional preemptive multitasking) E u = Revision 695: bayes prog

» Radio communication now Is under CarModeDetect
= Custom network stack (addressing, MAC protocols, multi-hop routing) December 4, 2012 atis. efsts

= Revision 694: FF5 skeleton
December 4, 2012 afis. elsts
= Revision 693: FFS skeleton

= |[Pv6 networking (using wiPv6E network stack as an external library)
= [ntuitive compile-time configuration for inclusion and exclusion of specific options

= Run-time reprogramming December 4, 2012 atis.elsts
= [nteractive shell for basic control and data access = Revision 692: z1: merge

= [ntegrated development environment (IDE) UART A1 interrupt handlers
= Integrated easy-to-use scripting language (SEAL) November 29, 2012 atis.elsis

= Revision 691: MansOS IDE,
fix a bug, when closing IDE

Some of MansOS target platforms are based on MSP430 and Atmega microcontrollers while cm:npiling or uploading
resulted in Movember 28, 2012

(Mordic MCU support is in development). Popular and supported platform names ianis. iudvaitis
include Tmote Sky and other Telosb clones, Zolertia Z1, and a few models of Arduino. « Revision 690: MansOS IDE,

add RTS and DTS pin reset
on listening. Movember 28,
2012 janis.judvaiitis

= and more...

Posted in Info

13
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EdiMote : Modulara 1egulto sistemu un
sensoru prototipésana

Rinalds Ruskuls

Artiirs Selivanovs

Gatis Stipols

Leo Selavo

Eiropas Sociala fonda projekts ,,Viedo sensoru un tiklotu iegulto sistemu pé&tijjumu un attistibas centrs (VieSenTIS)”.

Projekta Nr. 2009/0219/1DP/1.1.1.2.0/09/APIA/VIA A/020.

INSTITUTE OF Modulara iegulto sisttmu un sensoru prototipésana. 1
ELECTRONICS AND

ELEKTRONIKAS UN \
= compuTer science  Rinalds Ruskuls

DATORZINATNU | |
INSTITOTS I




Bezvadu sensoru tikli (BST) masu dzive

ELEKTRONIKAS UN INSTITUTE OF Modulara iegulto sisttmu un sensoru prototipésana. 2
DATORZINATNU ELECTRONICS AND

INSTITUTS - compuTER sclEnce  Rinalds Ruskuls




Bezvadu sensoru mezglu (BSM) uzbiive

Radio
Mikrokontrolieri g

Atminas moduli

AN

ELEKTRONIKAS UN INSTITUTE OF Modulara iegulto sisttmu un sensoru prototipésana. 3
DATORZINATNU ELECTRONICS AND

o\l \
INSTITUTS - compuTER sclEnce  Rinalds Ruskuls




[zstrades posmu grafiks

i Definé sistémas:
Istemas « funkcionalitati,
koncepta e parametrus,
« arhitektdru,
dEflnESana - energijas patérinu,
» Gabaritus.
Shemas L 1 :x_mmJ 1T
prnjektesana = T PR T TR

rﬁf E\q

Programmatdras /Iéspied plates
izstrade Qrujektéﬁa na

\_ /" Sistémas O j
testéSana

INSTITUTE OF Modulara iegulto sisttmu un sensoru prototipésana.
ELECTRONICS AND
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[zstrades posmu grafiks realitate

Sistéemas
koncepta
definesana

Shémas
projektésana

Programmaturas lespiedplates
izstrade projektésana

Sistemas
testesana
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Risinajums - modulars izstrades riks
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Risinajums -EdiMote v1
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Risinajums -EdiMote v1

Energijas patérina
meérisana 4 kanaliem
AtkludoSanas, profiléSanas un
konfiguracijas vadiba
Sensoru modulu
konektors

=% Lietotaja ievads
Uty % JTAG konektors

Barosanas bloks
Konfiguréjama
digitala matrica SD karte konfiguracijai
un zurnaléesanai

Testa MCU

- 4 kanalu komunikacija
modulis

un JTAG caur USB

Testa sensoru un
RF moduli

Konfigurejama analoga matrica

Sensoru modulu konektori
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Kopsavilkums par EdiMoti v1

lespejas lietojot EdiMoti:

> legultas sistémas izveide;
> Platformas simulacija;

> Programmatiras un aparattras parbaude.
> Modulu energopatérina noteikSana.

EdiMotes ierobezojumi:

> lerobezots piesledzamo testa iekartu skaits;
> Limitéta fizikalo parametru novertésana;
> Dizaini nav mérogojami.

ELEKTRONIKAS UN
DATORZINATNU
INSTITOTS
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Arhitektuaras prasibas EdiMotes versijai #2

> Modularitate
> Mérogojamiba
> Dazadu saskarnu atbalsts komunicésanai ar datoru

> Gatavu iekartu testéSana
* Vienas vali vairaku — lidz pat 100 iekartam

> Autonoma modulu izmantosana

ELEKTRONIKAS UN "l INSTITUTE OF Modulara iegulto sisttmu un sensoru prototipésana.
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EdiMotes arhitektira v2

EdiMotes
moduli
- ——’F-AH—— —
¥_ Y
Periféerijas Testa Barosanas spriegumu
moduli moduli izvadi x4
N
= X
10 n
- S °
= 3 8
o0 @] ~
‘B oo OO
2 S %
e c g
> | i < Q
| |
Ciparu ieejas/izejas x16
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EdiMotes v2 pielietojums #1

legultas sistémas prototips

Periférijas moduli Testéjama iekarta
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EdiMotes v2 pielietojums #2

legultas sistémas prototips
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Periférijas moduli Testa moduli
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Kopsavilkums

> lzstradatas divas versijas modularam iegulto
sistemu prototipésanas un atklidosanas rikam;

-~ Testéjot Sis revizijas tika secinats, kadas ir tas
priekSrocibas un vajas puses. Izejot no ta tika veikti
arhitekttras uzlabojumi;

> Sasniegtie rezultati tika gan nopublicéti, gan
prezentéti starptautiskajas konferences.
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EIROPAS SOCIALAIS
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EIROPAS SAVIENTBA

Automatiska sejas
atpazisana

Zanda Serzane, Modris Greitans,
Olegs NikiSins

Sestais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars. 12.12.2012.

Projekta nosaukums: Viedo sensoru un tiklotu iegulto sistému pétijumu un attistibas centrs (VieSenTIS)

ELEKTRONIKAS UN INSTITUTE OF P .
DATORZINATNU ELECTRONICS AND Projekta numurs: 2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA/020
INSTITUTS COMPUTER SCIENCE Automatiska sejas atpazisana. Zanda Serzane

Virzieni

2D sejas atpazisana 3D sejas atpazisana

- vienkarsa falsificésana

- neprecizitate

- augstaka cena

+zema cena - zemaka atrdarbiba

+ atrdarbiba + precizitate

ELEKTRONIKAS UN INSTITUTE OF

DATORZINATNU ELECTRONICS AND Automatiska sejas atpazisana. Zanda SerZane 2
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2@

Sakotnéja datubaze

lespé&jas viltot:

Fotografija, kas tika
salidzinata ar datubazé

A0

Salidzinamo attélu atskiribas

Eigenface

-> -

Attéls, kas tika
salidzinats ar
datubazé esosajam

Salidzinamo attélu atskiribas

Datubazes att€lu numuri I

Péc rezultatiem var redzét,
ka liela atbilstiba ir ar
diviem no tris datubazé
eso3ajiem attéliem

Ar vienu no trim attéliem,

esosajam
sakritiba ir tuva 100%
Datubazes attélu numuri
ELEKTRONIKAS UN INSTITUTE OF
DATORZINATNU ELECTRONICS AND Automatiska sejas atpazisana. Zanda Serzane 3
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Stereo sistéma
7";’ Pixel 7M Pixel
ony Sony
Camera
Camera
legltais attéls: = -
deguns
—
Reigis uzprojicéts Y
atbilstoso punktu "
mekléSanai abos attélos - i
(correspondence problem) d i .
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LBP

Lokalais binarais téls

Sejas Sejas Sejas

detektéSana lokalizacija atpaziSana
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Sejas detektésana

leejas attéls

Histogramma katra regiona

legltais attéls

ELEKTRONIKAS UN INSTITUTE OF
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Sejas lokalizacija

_ lespéjamas acu . B
LBP attéls atradanas vietas legtais attéls

Intensitates Attéla legatais
noteik8ana izpludina$ana rezultats
e T
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Sejas atpazisana

leejas attéls Datubaze

Attéla sadale
regionos

Koeficienta noteik§ana

Regionu histogrammas
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Realizacija

TMS320C6416 DSK

MATLAB <——>

« Sejas attéla uznemsana, satiSana
* Rezultatu sanems$ana, vizualizéSana

* sejas attéla sanemsSana

+ LBT transformacijas aprékinasana

* sejas detektéSana

* sejas lokalizacija/acu detektéSana

* sejas atpaziSana

* rezultatu satiS8ana programmai MATLAB

ELEKTRONIKAS UN | | INSTITUTE OF
DATORZINATNU ELECTRONICS AND Automatiska sejas atpazisana. Zanda Serzane 9
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Rezultati

Izstradato sejas atpaziSanas algoritmu precizitate:

Pieeja Precizitate, % |
Eigenface algoritms 80,4 ; . o
Local Binary Patterns algoritms (LBP) 82,4 Selas atpa2|sanas preclz“ate
LBP + svaru piemeklé3ana parametru l[iment 95,8 100
LBP + svaru piemekI&$ana bloku [iment 96,7 B3 ’/.—-""’4'/4
Multi-scale Local Binary Patterns algoritms (MSLBP) 97,8 f:é 9
MSLBP + Empiriska svaru piemeklgiana 98,1 § 90
MSLBP + Iterativa metode 99,2 2 85 //
80 T T T T T T
& F S B S
& g T EE
ARV & W~
Metode
ELEKTRONIKAS UN — INSTITUTE OF
DATORZINATNU ELECTRONICS AND Automatiska sejas atpazisana. Zanda Serzane 10

INSTITUTS COMPUTER SCIENCE




ELEKTRONIKAS UN
DATORZINATNU
INSTITUTS

Pielietojumi
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Publikacijas

e Sagatavoti un publicéti zinatniskie raksti:

M.Greitans, M.Pudzs, R.Fuksis. “Palm Vein Biometrics Based on Infrared Imaging and Complex
Matched Filtering”, Proceedings of the 2010 ACM MM&Sec ,Multimedia and Security Workshop” —
Roma, Italy, pp.101-106.

O.Nikisins, M.Greitans, R.Fuksis, M.Pudzs, Z.Serzane. “Increasing the Reliability of Biometric
Verification by using 3D Face Information and Palm Vein Patterns”, BIOSIG 2010, Proceedings of the
Special Interest Group on Biometrics and Electronic Signatures, Darmstadt, Germany, pp.133-138.
O.Nikisins, M.Greitans. “A mini-batch discriminative feature weighting algorithm for LBP — based face
recognition”. Proceedings of International Conference on Imaging Systems and Techniques (IST 2012),
July, 2012.

O.Nikisins, M.Greitans. “Local Binary patterns and neural network based technique for robust face
detection and localization”. Proceedings of the Special Interest Group on Biometrics and Electronic
Signatures (BIOSIG 2012), September, 2012, pp.100-111.

O.Nikisins, M.Greitans. “Reduced complexity automatic face recognition algorithm based on local
binary patterns”. Proceedings of 19th International Conference on Systems, Signals and Image
Processing (IWSSIP 2012), 2012, pp.447-450.

* Projekta ietvaros ir izstradats ari magistra darbs:
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Z. Serzane. “Sejas atpazi$anas algoritmi un to implementacija virtuala instrumenta”
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