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Parskats

Motivacija — baterijas
Papildus izmaksas
Var bat grati vai bistami mainit (piem. Antarktida vai
uz aktiva vulkana nogazes)
Risinajums mekléjam energiju apkartéja vidé
Energijas avoti
Vejs
Saule, gaisma
Vibracija
Cilvéki, kustiba
Citi?




Kur uzkrat energiju?
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Kur gemt energiju?

Saule

Saules baterijas (16-20% effektivitate)
Darbiba:

100 mW / cm? gai$a saulé

100 uW / cm? biroja (0.1% no 100mW)
Var |oti mainities daba
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Termoelektriska konversija

Figure 2. The Selko Thermic wristwatch: (a) the product; (b) a cross-sectional diagram; (¢) thermoelectric modules; (d) a thermoplle

array. Copyright by Selko Instruments

Seiko pulkstenim ir 10 thermoelectriskie moduli: 0.5cm?2, 10uA @ 3V for AT=5C
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Cilveku generéta energija

Kermenis generé 0.1-1.5kW
Staigasana:

75kg cilvéks, 1Hz solis kas rada 1cm
spiedienu generé 7W ar katru kajul!

Magnétiskais generators, 250mW (MIT Media Lab)




EnOcean
How Radio Control Can Work Without Batteries |

Receiver in
lamp socket

Energy
converter

Pressing a switch is enough: A pi :
energy converter extracts sufficient energy '
from mechanical action to establish a radio
connection with a receiver in a lamp.




Heating and
Cooling
45%

Other

Majas apsilde ar =
... datiem

Lighting

7% Water Heater

TVE,\\:SR’ Clothes 1%
2o, Computer & Washer & . Refrigerator
Monitor Dryer Dishwasher 6%
2% 10% 2%

A Monthly Costs Power Usage Effectiveness — September 2011

H Servers
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B Networking [ wewem ] [ soowissen |
Equipment

= Power Distribution &
Cooling

N Power

$294,943 ® Other Infrastructure

3yrserver & 10 yr infrastructure amortization

“IT & Cooling ~ Building and IT Power Loss & Lighting and General Receptacle

Data Center

LI | Effluent Treatment

Sweetwater Creek
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Reuse Water waste water
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Clean, clear
and safe water
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Ne tikai inerciala navigacijas
sistema viediem transporta
[idzekliem

Viedo sensoru un tiklotu iegulto sistemu Georgijs Kanonirs
pétijumu un attistibas centrs

ESF lidzfinanséta projekta vienoSanas ELEKTRONIKAS UN _— INSTITUTE OF
Nr.2009/0219/1DP/1.1.1.2.0/APIA/VIAA/020 e o o Sl Rl

INSTITUTS COMPUTER SCIENCE




= Augstas precizitates navigacijas sistémas
risinajums —
= zemas izmaksas
= kompakts un viegli pielietojams

GCDC @ http://www.gcdc.net



Risinajums (1)

* Integréta GPS"un INS® navigacijas sistéma

programmatura -
datora

INS modulis
\ Navigacijas sistemas

GPS modulis

(1) GPS — Global Positioning System
(2) INS — Inertial Navigation System



MNELGETERPS,

= Integréta GPS, INS un digitala kompasa
navigacijas sistema

Holux M-1200E’ 9DOF Razor IMU? modulis:
GPS uztvérgjs - 3-ass akselerometrs;
- 3-ass ziroskops;
- 3-ass magnetometrs (ka digitals kompass).

(1) Holux @ http://www.holux.com/JCore/en/aboutHolux/news-view.jsp?cno=35
(2) SparkFun @ http://www.sparkfun.com/products/9623


http://www.holux.com/JCore/en/aboutHolux/news-view.jsp?cno=35
http://www.sparkfun.com/products/9623

trajectory errors

1onospheric delay

\\/ tropospheric delay
\ .

e

1onosphere

attenuation of signal - troposphere

external noise




= Sensoru novietosanas kltida (alignment error);

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

b

_______ g ._::f.r. = :-ﬁ X
Jé g

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



Integreta navigacija

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

= IMU istermina pozicijas kluda ir salidzinosi
neliela, tomer vidéja kvadratiska pozicijas kluda
ar laiku uzkrajas;

= Integrets navigacijas risinajums apvieno
labako no abam pieejam.



Arhitektura

lfurkl |
komunikicijas
Lietotaja saskarne Fandls
vaicita datu
programmatira [% Tandls
¥
Navigacijas sistéma

MNawigdcijas sistémas g 115 1 GPS modulu Tielk palaists
iricializacia iricializacia izvada taimeris

Welc kontrelparbaud

!

Va notiek 1z pilde?

Saném INS un GPS
datus (ja ir piesjami)

Izvads

WVa GPS datiir pieejami,
INS modulisiried ggts?

Vai INS dati ir pieejami?

Sensorn datm saplndinasana
PRE: Uz stadit pirmeo GPS paraugu ki atskaites punkty; konvertét G PS paraugulok&la
koordinatu sistéma katrd soll prieks Kalmana filtra darbibas
- a] weikt prognozi ar iepriek & o INS paraugn un korekeiju ar tekofo GPS paraugn
- b) weikt tika prognesl ar leprieksg oINS paraugn
POST: K crwvertét Flalmana filtra rezultatu globild koordinat sistéma




INS sensoru kalibresana (1)

= Akselerometra kalibresana
= Ziroskopa kalibréSana
= Magnetometra kalibrésana

Az




INS sensoru kalibresana (2)

= Akselerometra kalibrésana
« Ziroskopa kalibrésana

= Magnetometra kalibrésana

=z
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| F' il
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¥awi =
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INS sensoru kalibresana (3)

= Akselerometra kalibrésana

= Ziroskopa kalibré$ana

= Magnetometra kalibresana

T . I
. T

AME T
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Magnetometra kalibresana
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Magnetometra kalibresana
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Magnetometra kalibresana
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Datu sapludinasana

INS
dati

prognoze

Irjauns GP5S paraugs?

Konvertet GPS paraugn Konvertet UKF poziciju
no globalas uz lokalo —— 1o lokalas uz globalo
koordinatu sistemu koordinam sistemu
GPS l
dati
korekcija

* UKF - Unscented Kalman Filter 15



Lietotaja saskarne
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Please, select an appropriate file to upload a new track.
' | Browse... upload 16




Piemers (1)
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Realizacija

= INS modula programmatira, t.i. sensoru datu
savaksana, sensoru kalibrésana, datu pirmsapstrade
un parsuatisana (C++ programmatira Arduino videé)

= Navigacijas sistémas lietojumprogrammatdra, t.i. datu
sanemsana no INS un GPS moduliem, pirmsapstrade
un sapludinasana ar UKF (C++ programmatira
datora)

= Timekla lietotaja saskarne + Google Map (Java
programmatdra datora)

= Programmatlra eksperimentu veikSanai (octave videé)

19



= |r iesp&jami nedargi izveidot navigacijas sistémas (NS)
risingjumu ITS uzdevumiem

= NS risingjuma cena ir atkariga no izvélétiem sensoru
moduliem

= Neliels [integrétas INS/GPS] NS izmérs |auj to viegli
un plasi pielietot

= Precizitate ir atkariga no pieejamiem sensoriem un
izveidota kustibu modela

20



Paldies par uzmanibu!

Jautajumi?

21
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Attalinatas klatbutnes robots ar
Androida vadibas sistemu.
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Problema

* NepiecieSama sistéma ar kuru
var attalinati gut informaciju
par pétamo vidi un iedarboties
uz to.

e Veicot zinatniskus pétijumus ir
nepiecieSama platforma preks
izmeéginajumiem un algoritmu testésanas.

* Platformaiir jadarbojas gan autonoma gan vadama
rezima

e Platformai ir jabut izveidotai no modulem kurus

turpmak bus iespéjams izmantot veidojot citas robotu
konstrukcijas



Arhitektura

Client PC J
%
7 — CU PDA
[WI-FI,SG][ Blue;ooth ][GPS] [Buntm camerasystem] HTC ,:|yeJ
) v
[ Bluetooth module ]
) \
System node (MSP430F2618) <> System node
A ! A | (demultiplexer M74HC4053)
N
Sharp Servomotor || Encoder ¢ \ ¢
range meter ||  system || system Motor driver |( )
\__System ) VI Navigacijas

/Motor Motor\ sist€éma
Right Left ) \_ Y,
v A

Environment ]




Programmaturas arhitektura

@ensoru datu nolasiéanem

un izpildmehanismu
vadibas bloks

(MSP430F2618
kontrollerT)

| Komunikacijas modulis |

| Motoru vadibas modulis |

| Tureles vadibas modulis |
N

Attaluma meritaju
signalu nolasiSanas
modulis

/ Datu apstrades un \

komunikacijas modulis
(PDA HTC Flyer Android OS
vide)

Serveris

Komunikacijas modulis

Attelu apstrades modulis

Sensoru datu apstrades modulis

MarSruta planoSanas modulis |

{Navigécij as sistémas dam}

K nolasiSanas modulis /

Klients

sistéma

Qmumu pienemsanas modulis/

Robota sensoru
datu attéloSana

|
i

\
Robota vadibas }
o




Klienta dalas programmatura

e |zstradata Android OS 2.4
videi

e Relize robota tureles
vadibu.

* Relizeé robota ritosas dalas
vadibu.




Uzdots testa uzdevums autonomam
rezimam

Veikt darbibas telpas izpéti mekléjot

novietotus markierus.

Noteikt koordinates atrastiem markieriem

lzveidot markieru izvetosanas karti

Aprekinat 1saku noslégtu marsrutu

Realizét aprékinatu 1saku noslégtu marsrutu



Robota darbibas simulators

Dptimal path ;IEI ll

r Initial data r Ohject distance matrix r Algorithms r Optimisation r Distance and angle matrix |

Path to data file: ‘ Open file ‘ ‘ Generate ‘ ‘ Save |
Amount of A type ohjects: 8
Amount of B type objects: 3
Object type Azimuth Distance to ohject
Fohot 1] 0
Ohject 24 30
Ohject 164 30
Ohject 70 18
Ohject 108 25
Ohject 155 G5
Ohject 136 a0
Ohject 100 a5
Ohject 140 a5
Refueling station 165 A0
Refueling station 129 Th
Refueling station 70 45

Optimal path ;Iglﬁl

Initial data Object distance matrix |/ Algorithms r Optimisation |/ Distance and angle matrix

70 |52,99 |48,58 |63,59 (47,51 |30,76 21,26 34,5 |21,06 [33,.28 |0 60,67
45 |32,39 |55, |30 |29,61 |75,76 (51,91 |27.63 |31,45 |64,28 |BO,67 |0

i 1 2 3 4 5 B 7 g g 10 [ 1
REEES a0 15 |25 B5 |50 |ss |95 50 |f0 |45
1 30 [o 56,38 |22,36 |36,08 |B7.66 |B7.26 |55,92 [101,78 73,27 [52.89 [32,39
2 30 [5B.38 o 3446 |26,2 3568 |27.41 [48.78 [58,87 |20,8 |4B58 |55.B
3 |15 |22,36 3446 |0 16,09 |6542 (4508 |4267 [811  |50,83 |63,58 |30
4 |25 [38,89 (262 16,09 |0 51,32 [30,29 (30,44 (65,16 |37,68 |47,51 |29.61
5 |65 |87.66 |35,68 65,42 (51,32 |0 24,07 |56,12 |27,87 15 |30,76 |75,76
& |50 |67.26 |27.41 |4589 (30,29 |24,07 |0 32,79 (3529 [16.5 |21,26 51,81
7 |55 [55.82 |49,78 (4267 (30,44 |56,17 [32.79 |0 56,57 |48,60 [345 [27.63
g |85 [101,79 |s887 |11 |B5,1B |27.87 |35,20 |55,57 |0 38,07 |21,06 81,45
9 |50 [73.27 |209 |50.83 |3768 |15 |165 (48,69 |38,82 |0 33,29 |G4,29
i
1

==




Robota darbibas simulators

B optimal path

["nitial data_|” Object distance matrix | Algorithms | Optimisation | Distance and angle matrix |

(Z2 Ant colony optimisation @

(1 Optimisation with Hungarian algorithm

(@ Brute force

B optimal path

r Initial data r Object distance matrix r Algorithms r Optimisation r Distance and angle matrix |

() Ant colony optimisation @

@ Optimisation with Hungarian algorithm

) Brute force

Time: 180 ms
Distance: 260.53 un.

Time: 1094 ms
Distance: 260.53 un.




Robota darbibas simulators

[ Initial data | Object distance matrix | | optimi | Distance and angle matrix | [ Initial data |  Object distance matrix | Algorithms | Optimi | pistance and angle matrix |
@ Ant colony optimisation alpha: [1 e [5 | Amount of fuel: 110 @
beta: [5 Jo: (300 | Fuel cons. per dist. unit: [1
() Optimisation with Hungarian taud: [i0 | tmax: [100 i

) Brute force

[ 0.5

Time: 125ms
Distance: 260.53 un.

Time: 20 ms
Distance: 287.46 un.

al path

[ initial data | Object distance matrix | Algorithms | Optimisation | Distance and angle matrix |

Mave Azimuth Distance

0-3 70 15

3-1 35514 2336
1-11 111.77 32.39
11-7 164.43 27.62
7-6 216.34 32.79
E-10 112.35 21.26
10-8 179,36 21.06
2-4 28286 27.87
5-49 335 15

9-2 32203 20.9
2-4 36.3 26.2
4-0 288 25

0-o 1] 0




Modulara robota konstrukcija




Sistemas lietojumi

e Attalinatas klatbutnes robots
* Algoritmu testésana

» Sistemas laika / energijas patérina
novéertésana izmantojot dazadus vadibas
algoritmus



Kopsavilkums

Attéla ieglisana

Markieru atpazisana attéla

Algoritmi notémésanai uz markieriem

Markieru poziciju noteiksanas algoritms

Telpa novietoto markieru attalumu matricas veidosana

Isaka noslégta marsruta veidosana ar skudru
algoritmu atrastaja markieru kopa

Veidota noslégta marsruta optimizacija - péc
nosaciumiem

Virzienu un attalumu secibu noteikSana kurai ir jaseko
robotam, lai izbraukt noslégtu marsrutu

Robota navigacijas un parvietosanas telpa algoritms



Paldies par uzmanibu!
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Sejas detektésana un lokalizacija ar
Neironu Tikliem un Lokaliem Binariem
Téliem
Local Binary Patterns and Neural Network based Technique for
Face Detection and Localization

Presenter: Olegs NikiSins (BioSen)

Project: R&D Center for Smart Sensors and Networked Embedded Systems.
ESF grant No. "2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA/020*.
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Local Binary Patterns and Neural Network based Technique
for Robust Face Detection and Localization

Objective and terminology

* Face Detection - position of the face is determined
approximately with small detection offsets

- Face Localization - determine precise
o face position based
on reference points

In our case:
reference points = eye pupils

: . » Sejas lokalizacija
» Sejas detektésana

ELECTRONICS AND
COMPUTER SCIENCE

2 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars - INSTITUTE OF



LBP-based Face Detection: motivation

The process of automatic face recognition:

Face detection

Face localization Face recognition

ELECTRONICS AND
COMPUTER SCIENCE

3 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars - INSTITUTE OF



LBP-based Face Detection: motivation

Significant papers about LBP-based face detection:

2004 - [1] = LBP + SVM for face detection

2006 — [2]

LBP - Local Binary Patterns =

2007 -[3] 2 LBP + boosting Lokalie Binarie Tall

2008 — [4]

[1] A. Hadid, M. Pietikainen, and T. Ahonen. A discriminative feature space for detecting and recognizing
faces. In CVPR (2), pages 797--804, 2004.

[2] H. Zhang, W. G., X. Chen, and D. Zhao. Object detection using spatial histogram features. Image Vision
Comput., 24(4):327--341, 2006.

[3] L. Zhang, R. Chu, S. Xiang, S. Liao, and S. Z. Li. Face detection based on multi-block Ibp
representation. In Seong-Whan Lee and Stan Z. Li, editors, ICB, volume 4642 of Lecture

Notes in Computer Science, pages 11--18. Springer, 2007.

[4] S. Yan, S. Shan, X. Chen, and W. Gao. Locally assembled binary (lab) feature with featurecentric
cascade for fast and accurate face detection. In CVPR. IEEE Computer Society, 2008.

4 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars o INSTITUTE OF

COMPUTER SCIENCE



LBP-based Face Detection: motivation

Input image Extracted

2004 - [1 pyramid window
2006 — [2] |
o Processing
—_ 3 £
2007 — [3] 5 Size of the face:
& «~ ysually ~20 x 20 pixels

2008 — [4] S / 33
g . :
O
Q

Sliding window
Downsampling is needed because of the nature of classifiers +
timing constraints.

Downsampling = LOSS of STATISTICAL DATA about the object.

Bl

) ! INSTITUTE OF
4 ELECTRONICS AND
* COMPUTER SCIENCE
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LBP-based Face Detection: motivation

Input image Extracted

2004 ~[1 ~pyramid  window
2006 — [2]
Processing
2007 - [3] < Size of the face:
- ' &~ ysually ~20 x 20 pixels
2008 — [4 3
[~
E = .
Q/ %
/ O
/ Sliding window
LOSS of STATISTICAL DATA — Degrades the performance
about the object. of the detector

- INSTITUTE OF
o4 ELECTRONICS AND
“ COMPUTER SCIENCE

6 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars




LBP-based Face Detection: motivation

Our approach:
Extracted . 'M f
window lncr(?a.smg s_lze o
the sliding window

!

Don’t loose statistical data
on the first stage of the

SN . algorithms

!

We can possibly come
- up with more
informative features
and better precision?

Input image

E";‘v—}- Processing

Sliding window

7 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars INSTITUTE OF

- ELECTRONICS AND
“! COMPUTER SCIENCE




Possible problems:

Distribution of face sizes
|n FERET database

800

ol ~ 100 x 100 - ......... _
~500x 500 | |

400 -

380

300

280

200

Face Size in Pixels

160

- i i i i i
a 00 1000 1500 2000 2500 3000

Number of Frontal Faces

8 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars o INSTITUTE OF
COMPUTER SCIENCE



Possible problems:

Distribution of face sizes
|n FERET database

If straightforward (on pixel-
level) face detection
technique is applied:

S00
swf ~ 100 X 100 I R SR N I 20%104
@ ., ~500x500 | Scale 4 )
T B GAnGL LI CLRT EELERLEREREL EUPRTEREPREE CEREPRERECRE SRS SURRES — ~ 12*104
= i
L P S S .
N |
L O S st N N R B ~ B*104
5 2 i 6*10
% :
0 200 |-- i -
1= <SS N SRR S SRR S - ~ 2*%104
| ; . Scale 1
1 I:":IIII 500 1000 1800 2000 2800 3000
Number of Frontal Faces Dimensionality of
the Feature space
9 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars — INSTITUTE OF
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Possible problems:

If straightforward (on pixel-
level) face detection
technique is applied:

Distribution of face sizes
|n FERET database

\

&00
wl ~100 x 100 - i L B e —>| Classifier 4 |
@ ., ~500x500 | Scale 4 )
O :
X
I - ] DLIr RN SRRTSI S BTSSR [ SSee . ~ 12*104 Classifier 3
E i 12*10 —>| |
L P S S -
N |
E e """""""""""""""""""""""""""" 1 ¢~ ~ 6104 —>| Classifier 2 |
L‘E 200 f-- |
Jey """""""""""" 7 ~ 2*104 —>| Classifier 1
| ; . Scale 1 f l
1 I:”:IIII 800 1000 1800 2000 2800 2000
Number of Frontal Faces Dimensionality of
the Feature space
10 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars

Very computationally expensive

INSTITUTE OF
ELECTRONICS AND
COMPUTER SCIENCE



LBP-based Face Detection: Theory

LBP - Local Binary Patterns

Threshold

Neigr?:bxo?hood '1 > '45 '20 '
from input —> 20110130
image 1017 |5

LBP label binary value: 11110001

»1-1-1.
1110] 1|
010

Result of LBP

11 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars
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LBP-based Face Detection: Theory

11 1

0

11 711 |~

0] 1 El Number of possible LBP values: n = 2F

Parameters of LBP operator:
R —radius (R =1)
P — number of sampling points (Here: P = 8)
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LBP-based Face Detection: Theory

Sliding window

(3)

Representation
of the object

Classification (4)

Face/
Non-face

Input image LP image

A lot of parameters to be optimized / evaluated !
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LBP-based Face Detection: Theory

Representation of the object / face:

LBP
Histogram

-

g

“+” — the length of the feature
vector is independent from
the size of the input image:

N = 2P
“-” — the spatial information
about the face is lost
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LBP-based Face Detection: Theory

Representation of the object / face:

“+” — the length of the feature
_LBP | vector is independent from
Histogram < the size of the input image:
ﬁ N = 2P
m "" " r i “-” — the spatial information
B about the face is lost

Spatially enhanced LBP
Histogram

“+” — the length of the feature
vector is independent from
the size of the input image:

“+/_” N=K*2P
“+” — the spatial information
K = 4 — number of regions about the face is present

INSTITUTE OF
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LBP-based Face Detection: Theory

Dimensionality of the feature space: N = K * 2P

N =144 N = 256

INSTITUTE OF
ELECTRONICS AND
COMPUTER SCIENCE
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LBP-based Face Detection: Theory

Dimensionality of the feature space: N = K * 2P
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LBP-based Face Detection: Theory

Parameters of LBP operator: P =4, R = ?, structure - ?

+ P=4 | X X
l|'+" _ Shaped + X X "X" _ Shaped
LBP label =t R=1 LBP label
+ | +|C |+ |+ C
structure structure
+ R=2 X X
+ X X

1.185

Maximize the ration
between average face-
class and nonface-class

Euclidean distances

— "+"_Shaped |abe| : : :
1175\ ——"X"—Shapedlabel"' / e ]

\'\-.—-——“——’

117 | | I I

1 2 3 4 5
Radius of LBP label

P =4, R =4, structure - “+” shaped
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LBP-based Face Detection: Theory

LBP operator

parameters are =» P =4,R=4,
known “+” shaped structure

Representation
of the object

Classification

Face/
Non-face

Input image LBP image
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LBP-based Face Detection: Theory

LBP operator

parameters are =» P =4,R=4,
known “+” shaped structure K-?

Representation
of the object

Input image LBP image
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LBP-based Face Detection: Theory

r Layer 1 Layer 2 AN N

64

1<

Output layer

anut layer  Hidden layer

Variable number of neurons in hidden layer
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LBP-based Face Detection: Theory
High bia§ problem

+ LT Decision
+
R + boundary
+ + 3%
u +
+
+ +++ \
+ o+ Class 1
+
( Layer 1 Layer 2 "
ANN ., Class?2
rd
<J +
(e a + . o
Il o 8 [y °
2

Output layer

Iknput layer  Hidden layer

Variable number of neurons in hidden layer
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64

1<

Variable number of neurons in hidden layer

LBP-based Face Detection: Theory

Layer 1

Iknput layer

Layer 2 AN N

Output layer

Hidden layer

High bias problem

+

Decision
boundary
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64

1<

LBP-based Face Detection: Theory

Layer 1

Iknput layer

Layer 2

Hidden layer

ANN

Output layer

1) More features:

Increase N

Variable number of neurons in hidden layer

Decision
boundary

v

2) More
complex ANN

24

Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars

INSTITUTE OF

- ELECTRONICS AND
COMPUTER SCIENCE



N =144

LBP-based Face Detection: Theory

Decision
boundary

( Layer 1 Layer 2 AN N

Output layer

Iknput layer  Hidden layer 5 Neurons
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LBP-based Face Detection: Theory

LBP operator

parameters are =» P =4,R=4,
known “+” shaped structure

E PO ALY

Representation
of the object

Classification

ANN with 5

Face/ neurons in

Non-face the hidden
Input image LBP image layer

4 L
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LBP-based Face Detection: Theory

Is it the best solution? — no
These are just minimum requirement
for reasonable (?) performance:
» 144 | BP features for face / non —face representation
* 5 neurons in the hidden layer of an ANN

Are the LBP features informative?
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LBP-based Face Detection: Performance
A

FERET database, 2722 test images

1 I i i i i
% NN =] PR S E S .I\ | ! o D i
= oo P P=991%
o | : : : :
R S L] SETPITTY [P feneeeees Y T .
SR S A W S S I N
0 : : : : I ! : : A/D
0 | | | | | | | | .
] 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Mo relative displacement of face region center
» 144 LBP features for face / non —face representation

* 5 neurons in the hidden layer of an ANN
« training set size ~ 50 000 face & non-face patterns

28 Piektais Latvijas Viedo sensoru un tiklotu iegulto sistému seminars

! INSTITUTE OF
o4 ELECTRONICS AND
* COMPUTER SCIENCE




LBP-based Face Detection: Timing

Calculate the histograms of the Ky
: : . 7o)
region at all possible locations %{9
of the region 1 4, 7,
S RN
O 3 Yo
= > ) Sy
® > 4
N
®© W ...
S
)
Z

In Matlab: ~0.5s / per single scan
(for single scale of the object) \_176_’ \—y—’
16
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LBP-based Face Localization: Theory

Face Localization - determine precise
g face position based
on reference points

In our case:
reference points = eye pupils

Face Localization = Detection of Eye Pupils

ELECTRONICS AND
COMPUTER SCIENCE
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LBP-based Face Localization: Theory

The principle is the same as in face detection

Face region | ce  ANN output

Parameters of the system:

- ELECTRONICS AND
COMPUTER SCIENCE

* K = 4 — number of regions Locations of eyes
« 64 LBP features for eye / non-eye representation with highest
* 5 neurons in the hidden layer of an ANN s
probability
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LBP-based Face Localization: Theory

angle check overlap check

ANN OUtpUt l 1, 2 - correct I

eye positions

horizontal
axis ~

3,4 - localization
mistakes

Need tO deteCt symmeltry axis symmeltry axis
correct eye
positions
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LBP-based Face Localization: Theory

Eye regions are =—>fa SR> Need to find eye

determined N pupils "
The precision of eye detector is
now known and it determines
the region of interest
eyeimage \WNMeSPOIS ) \reqimage 89" R o,

of interest ———

set to b,!Ck_

$T ¥

detection
result

ELECTRONICS AND
COMPUTER SCIENCE
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LBP-based Face Localization: Performance

FERET database, 2722 test images

—

o | | _ _

© 03 |\ P (left eye) = 94.8 %

© ol [——Tett i

ol | | AID | T ey
% 0.05 0.1 0.15 0.2 0.25

Moye = relative displacement of eye pupil center

« 64 LBP features for eye / non — eye representation
* 5 neurons in the hidden layer of an ANN
« training set size ~ 100 000 eye & non-eye patterns

Face localization rate (both eyes are detected with precision A/D = 0.1):

Method: Haar | ASEF | NNC+LBP | PSEF | OUR
Pr. Botheyes | 44.7 66.1 74.3 83.0
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LBP-based Face Localization: Performance

First 10 images with significant localization errors
(displacements > 20% of inter-ocular distance):
7 out of 10 are with glasses

ELECTRONICS AND
COMPUTER SCIENCE
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Summary

» Proposed face detection and localization techniques don't
need downsampling for detection of objects in multiple scales.

» Potentially well applicable for the tasks of face detection and
localization in high resolution images.

» Low dimensionality feature space and simple classifier:
Minimum requirements for face detection:

» 144 L BP features

* 5 Neurons in the hidden layer of an ANN

Minimum requirements for face localization / eye detection:

» 64 LBP features

« 5 Neurons in the hidden layer of an ANN
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Thank You!
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Wireless sensor networks (WSN)

What is a WSN?
* Network: system is interconnected

* Sensor: it has devices for measusing environmental parameters
* Wireless: remote communication is possible

* WSN is a “macroscope” that allows to measure complex phenomena

Typical WSN challenges:

- energy efficiency %b N %
I

* resource scarcity




WSN hardware (“sensor mote”)

Typical components:

* Microcontroller

* Radio transceiver

* Local storage flash chip or SD card

* Sensor connectors and/or integrated sensors
* Connectors for programming and debugging

Resources are limited!

* Typical code memory sizes: 1 — 200 kb
* Typical RAM sizes: 512 bytes — 10 kb
* Typical power source: two AA batteries




Data flow in a WSN node

The typical tasks of a WSN mote are:
* Data collection from sensors and pseudo-sensors
* Processing of the collected data

* Data output to the network or local storage

Light

Netwaork

Humidity
Flash chip

Temperature

Data processing - Data storage / 50 card

dissemination

L)

Analog inputs Data generation

Digital inputs File system

RNG N
Serial interface

Waveforms




State of art: summary

* Programming sensor networks is diffucult
* Resource constraints
* Distributed algorithms
* Unreliable hardware & signal transmission medium

* Users are not ready for the complexity
* WASN users include scientists, engineers, hobbyists

* Existing WSN programming approaches focus on expert users

* "focusing on expert TinyOS users and making it possible to write larger
software, TinyOS 2.x became less accessible to new users [..] modern
[TinyOS] code heavily uses many nesC features, making the learning curve
very steep” [Levis 2012]

* Real world WSN deployments are still difficult, large scale

adoption has yet to happen



Author's vision

It is possible to create WSN software that is easier to use than
the existing options, while remaining comparably powerful &
efficient.

* WSN software abstractions must be targeted towards novice
programmers and nonprogrammers

* Software development tools (e.g. IDE) can be used facilitate WSN
application programming

* Real-world evaluation is critically important

By using the correct approach, WSN can become a useful tool to
broad range of purposes and target audiences!



SEAL architecture

* SEAL — Sensor Application Development Language

* Three levels: 1) application, 2) component library, 3) runtime

Userrr tyges ,Q,Qde IDE generates Code

SEAL source file

SEAL compileri

C source file

C compileri

Executable

SEAL application development

SEAL

| Sensor statements | | Processing statements |

| Actuator statements f \ State statements \

| Output statements | | Conditions |
Component library T ED |
1 ‘ J
(Python)  Light | Temperature |
_ - __Radio |
" Humidity ' Accelerometer R

Serial
Runtime

HLIrSS) MansOS Contiki TinyOS

SEAL conceptual architecture




Elements of SEAL

Component use cases.
use Redled;

read Humidity;

output Radio;

New component definitions:
define MaxLight max (Light) ;
Conditional statements:

when MaxLight > 1000:
Constants and variables:

const INTERVAL 10s;

set IsLedOff True;




SEAL implementation

* Compiler implemented in Python

* Approx. 5000 lines of code

* Parser: Python-Lex-Yacc (PLY) used

* Code generator: generates MansOS C code

* All source code publicly available as part of MansOS (NewBSD licence)
* 113 regression test cases are included



SEAL/MansOS IDE

b MansOS IDE v~ X
File Examples Options Help

+ P B8 0 Ext

* main.sl Wisual edit |
Edit actuator: output v
1 read Light, period Z2s; ) .
= read Humidity, period Z2s; Edit object: Radio w
2 output Serial, baudrate 35400; times:
a2 output Radio, timsstamp: ' hd
g period: -
id: -
Cimestamp: v
SE'CILIEI'ICEI'ILII'I'IbEF:
onCe;
issent:
| »
Crc.

Listen | Seal-Blockly handler | Info

When code recieved:l 5| 5ad v Stop Seal-Blockly editor




SEAL programming using a browser

P o

GE Y Epv EFiLe:m’hc:-mefaI:isfwc:-rkfseaL—blc:-ckLw’bLc:u:I=:L},r,I’SeaUpLaygraund-seaLhtmL

Seal - Blocky Playground - rekong

E Seal - Blocky Playgrou... E}

e ~

Seal - Blocky Playground |[EZS

Export to XML

output

Import From XML
read

——

Cenerate SEAL

IUse RedlLed. period 1000ms;
Use Blueled. period 2000ms;
lUse GreenlLed. period 4000ms;

olglvsll 1000 ms
baudrate Bl
ualuem

T

Try your app: Upload SEAL code

I1-% RedlLed ol[slsl 1000 ms

' Blueled | perind
V-8 GreenlLed sl 4000 ms




SEAL use cases

Scenario Class Feature demonstrated
Measuring microclimate [Elsts 2012] Env. monitoring Periodic sampling
Controlling a watering system [Elsts 2012] Env. monitoring Distributed processing
Calibrating sensors [LUMII 2011| Env. monitoring Intra-node processing
Collecting light measurements [Selavo 2007 Env. monitoring Interactive query support
Detecting seismic activity [Werner-Allen 2006] Env. monitoring Event-driven processing
Building a backup controller [Zviedris 2010 Wild animal mon. [mperative elements
Controlling an external device [Strazdins 2011] Automotive Basic intra-node processing
Light monitoring in tunnels [Ceriotti 2011] Env. monitoring Adv. intra-node proc. (using C)
Detecting potholes #1 [Mednis 2011] Mobile agents  Adv. intra-node proc. (using SEAL)
Detecting potholes #2 [Mednis 2011] Mobile agents Signal filtering
Detecting target area [Mednis 2012a] Mobile agents Localization
Generating a signal [Mednis 2012b] Electronics Multiplatform support




Environmental monitoring use case

* Environmental monitoring in precision agriculture
* Distributed microclimate measurements in an orchard:
+ temperature, humidity, light
* The users are agroscientists in Latvia State
Institute of Fruit-Growing (http.//Ilvai.lv)

. ‘;_, oﬂfﬂf@—éﬂ’ﬂ"ﬂ'&

Wasp , Wasp WiFi WiFi Web End user

* mote mote router router Database &
web server

SAD
motes Multihop
link

Test network architecture




Environmental monitoring use case

* Collaboration with LVAI started in 2009
* ERAF project work started in LU in April/May 2011

* 19 September — 2 November, 2011: experimental 12+5 mote WSN deployed with
custom hardware & software

* 30 August, 2012 — now: experimental 16+3 mote WSN deployed with new
versions of custom hardware & software

* Datus izmantojot tiek izstradats promocijas darbs “Zemenu razibu limitéjoSie
faktori un to ietekmes mazinasanas iespéjas audzéejot zemenes zem segumiem
Latvijas apstak|os”

-

.....
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1. LVAI &ka"
, ~ 2. Meteostacija
~3.Lapks ar 11 SADmotem
4 7

&




Solution in SEAL

Conceptual prototype:

read Light, period 10min;

read Humidity, period 10min;
read Temperature, period 10min;
output SdCard;

output Network, protocol CSMA;



Solution in SEAL

Real world application:
config "USE LONG LIFETIME=y"; // use 64-bit counter

define HelperLed Redled, blink;
define Battery AnaloglIn, channel constants.ADC INTERNAL VOLTAGE;

when Variables.localAddress !'= 0x0796:

define MyLight Light; // use default light sensor
else:

define MyLight SQ100Light; // use high-precision light sensor
end

define AllSensors sync (MyLight, Humidity, Temperature, Battery)
read AllSensors, period 10min, associate Helperled, turnOnOff;

output SdCard;
output Network, protocol SAD, routing SAD;

19-node sensor network deployed with this code in LVAI orchard in
Dobele, Latvia on August 30, 2012!




Mobile agent use case

* Sensing devices mounted to cars

* Communicate with other cars and road-side units

* Application 1: detect potholes on road surface

* Application 2: detect whether the car is moving

* The users are hardware developers and (potentially) car owners

Pothole detection via acceleromenter Sensor device prototype
measurements




Potholes: solution in SEAL

Using Z-axis STDEV thresholding:
const ACCEL Z 2; // define channel number

const THRESHOID 100; // define threshold

define AccelZ AnalogIn, channel ACCEL Z;
define Deviation stdev(take (AccelZ, 10));

when Deviation > THRESHOLD:

use RedLed, on;

use Beeper, on, duration 200, frequency 1000;
else:

use Redled, off;
end



Movement: algorithm

. Acquisition of 3-axis accelerometer data 100x per second.
. Storage of all accelerometer data acquired during last second using appropriate
data structure:

X”_{Xﬁ ‘H“"'xu};}:”_ {Ffr ‘5“}““‘}11};2”_{2.'1 093 =3 E.'e} (1)

. Calculation of all 3 axis standard deviation values as well as their aggregation:

STDEV(X[|)+STDEV(Y[]) 4+ STDEV(Z])) (2)
. If aggregation of all 3-axis standard deviation values is

a. = 0.1g (above T,,;) then vehicle mode is set to driving;

b. < (.05 g (below T}, ) then vehicle mode is set to standing;

c. = 0.05gand <0.1 g (between T}, and Tp;ep) then previous set vehicle mode
is preserved.

[Mednis 2012]




Movement: solution in SEAL

const THRESHOLD LOW 50;
const THRESHOLD HIGH 100;

set IsDriving False; // vehicle mode

define AccelX AnalogIn, channel 1, period 10ms;
define AccelY AnalogIn, channel 2, period 10ms;
define AccelZ AnalogIn, channel 3, period 10ms;
define X dev stdev(take (AccelX, 100));

define Y dev stdev(take (AccelY, 100));

define Z dev stdev(take (AccelZ, 100));

define SDev sum(X dev, Y dev, Z dev), lazy;

when SDev > THRESHOLD HIGH:

set IsDriving True; // movement detected!
elsewhen SDev < THRESHOLD LOW:
set IsDriving False; // absence of movement detected!

end




SEAL analytical evaluation

Application souce size

200
180
160

140
120 B TinyOS nesC

100 B MansOS C
80 0 MansOS SEAL

60

. kL

Sense & print SAD
Empty Sense & send & store

lines of code

Application file count

12

10

B TinyOS nesC
6 ®m MansOS C
0 MansOS SEAL

number of files

s e R B

Sense & print SAD
Empty Sense & send & store




SEAL analytical evaluation

* Compared to MansOS C code:

* TinyOS source code size is much larger (approx. 3.5x)
* For more complex applications this proportion can be expected to remain

* SEAL source code size is much smaller (approx. 10x)

* For more complex applications SEAL allows to use much fewer files (1-2 vs 11)




SEAL feasibility evaluation

Application binary code size

25000

20000 7
B TinyOS nesC, TelosB

15000 B MansOS C, TelosB
w B MansOS C, SADmote
<. 10000 [ MansOS SEAL, TelosB
° @ MansOS SEAL, SADmote
5000
0 — A V) 7
Sense & print SAD
Empty Sense & send & store
Application RAM usage
2000
1800 7
1600
1400 B TinyOS nesC, TelosB
1200 B MansOS C, TelosB
» 1000 @ MansOS C, SADmote
< 800 [ MansOS SEAL, TelosB
600 # MansOS SEAL, SADmote
400
200
0 J

Sense & print SAD
Empty Sense & send & store




SEAL feasibility evaluation

* Conclusions:
* TelosB and SADmote resource usage differences are small (0-20%)

* TinyOS applications use significantly more (2-3x) resources
* This difference can be expected NOT to remain for more complex applications

e SEAL uses a little (10-20%) more resources than native C code
 SEAL is feasible on low power MCUs!



Conclusion

* Programming in SEAL is simpler than using C or nesC directly

* SEAL has support for many typical WSN and embeded
progamming use cases

* SEAL is feasible on low-power microcontrollers and has only 10-
20% resource usage overhead over native code

* Future plan: more user tests
* Future plan: energy usage evaluation
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Problémas

 Bezvadu sensoru tiklu (BST) testésana lielos
apmeéros (100+ motes)

e parbaudit BST algoritmus un programmattru

e parbaudit izmantoto aparatdru
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Merkis

* |zveidot iekartu, kas nodrosinatu BST algoritmu,
programmattras un aparaturas atklidosanu
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Merkis

* |zveidot iekartu, kas nodrosinatu BST algoritmu,
programmattras un aparaturas atklidosanu

TestBed 7
lekarta
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Uzdevumi

* Nodrosinat TestBed iekartu sasaisti ar datoru

_~ _  Ethernet + PoE

B B

B B
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Uzdevumi

 Nodrosinat TestBed iekartas sasaisti ar

ELEKTRONIKAS UN
DATORZINATNU
INSTITOTS

testejamo iekartu

INSTITUTE OF
ELECTRONICS AND
COMPUTER SCIENCE
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Barosanas sprieguma kontrole

 |[zmantojot USB pieslégvietu
 |zmantojot bateriju pieslégvietu
« Bateriju izlades simulacija

« Energijas mérsana

TestBed

PoE +5V

EQsO

0-ar8 W2 JHRE

x
&
=

1
-
=3

T
1]

> +5V

Ethernet
>

1V lidz 5V
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Barosanas sprieguma kontrole

 |[zmantojot USB pieslégvietu

 |zmantojot bateriju pieslégvietu
« Bateriju izlades simulacija

« Energijas mérisana

TestBed

PoE +5V

‘® @

20L1-710H
Eoso

0-ar8 W2 JHRE

- +5V

ley

Ethernet
>

hi
&
e

1V lidz 5V

Energijas
MériSana
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Darbs ar programmam

* leprogrammeét
 AtklGdot

PoE +5V

-

Ethernet
>

TestBed

+5V

1V lidz 5V

Energijas
MériSana

ELEKTRONIKAS UN
DATORZINATNU
INSTITUTS

..e

20L1-710H

‘;

EOSO
0-ar8 W2 JHRE
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3
-
™
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Darbs ar datiem

e lerakstit / Atspélét
« Saglabat — SD karte

PoE +5V

-

Ethernet
>

TestBed

+5V

1V lidz 5V

Energijas
MériSana

ELEKTRONIKAS UN
DATORZINATNU
INSTITUTS

SD Card

EQsO

0-ar8 W2 JHRE

x
&
=
1

-
=3
-]
L

> MCU

<«>|ADC/DAC
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TestBed iekartas funkcionalitate

Nodrosinat saskarni ar datoru

« Nomertt energijas patérinu pieslégtai motei
« Simulét motei realus apstaklus

Pieklut pie motes GPIO signaliem - ierakstit vai
atspelét tos
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TestBed iekartas realizacija

TB iekartas
funkcionalitates

Integrets
risinajums

e + |zmeérs

Modulars
risinajums

* + Optimizéts vienam

 + Mérogojams
« + Mainamas, papildinamas

rsSinajumam funkcionalitates
* + Vienkarsaka arhitekttra e + Modulu atkartota
2
Izmantosana
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TestBed arhitekturas specifikacija

« Jabut méerogojamai
 Modulu bazeéta
* Moduliem jabut vienotai saskarnei (interface)

* Funkcionalitates dalisana grupas

» Galvenais modulis — komunikacijas modulis (kontrolé
par€jos)
» Periférijas moduli (tiek kontroléti)
- Barosanas kontroles
- Signalu apstrades
- Saskarnes
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Modulu bazéta pieeja

* Pirmaja iteracija funkcionalitates tiek
sagrupétas péec izveléeta pamata pa moduliem

* Tiek izveidotas modulu principialas elektriskas
shemas

* Tiek izveidots standarts, kas |autu savienot
modulus sava starpa — ja nepieciesams modulu
shéma tiek papildinata ar komponentiem, kas
nepiecieSami saskarnes nodrosinasanai
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TestBed iekartas reprezentacija

Testéjama iekarta

/ Saskarnes modulis

Komunikacijas modulis
A/ J

4# Barosanas kontroles
S o
V\
Signalu apstrades

modulis

TestBed iekarta
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|zveidotie modull
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Kopsavilkums

 Mérogojama arhitekttra
 Dazadu sensoru mezglu atbalsts

« BST programmattras un aparattras
atklidosana

Paldies par uzmanibu!
Jautajumi?
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Virziena darbibas skanosana:
ka panakt lai radio neruna apkart

lvars Drikis, Leo Selavo

Elektronikas un datorzinatnu instituts

L
.. ERAF IEGULDIJUMS TAVA NAKOTNE

*
EIROPAS REGIONALAS * x K
ATTISTIBAS FONDS

EIROPAS SAVIENIBA

Vienoganas Nr. 2009/0219/1DP/1.1.1.2.0/09/APIA/VIAA /020

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



Motivacija

Parastas antenas sensoru tiklos

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

© Attiecigi arr ir vienadi jutigas visos virzienos

S Vienkarsa gan izgatavosana gan
© e @ ekspluatacija

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



Motivacija

Virziendarbibas antenu prieksrocibas

o ©

© @® o m Informacijas parraidei starp diviem
' @ © sensoru mezgliem butu nepiecieSams
7 @ @©@@ mazaks energijas paterin$
L @ m Sensoru mezgls varétu raidit, tikai tajos

© @ i@ laika momentos, kad pret vinu “versta”
e @ © uztvero$a antena
5", © _. .
© © © x, m lespejams, ka vairaki sensoru mezglu

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

Dielektriki iegremdeta ESPAR antena

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



EDI ESPAR

Ka sI antena strada

e Izmeri vilna garumos

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

Antenas vadiba

X, I X, |zmanto pasivo elementu

slodzes rezistorus:
{X17 X27 X37 X47 X57 XG}

Ivars Drikis, Leo Selavo
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EDI ESPAR

Antenas konstrukcija un vadibas elementa shema

ANTA
C1
100pF
UPG2214TB
5 IN OUTH1 1 r~YrY Y
oute BB LX
6
4 @ GND |2
CX C4
T100pF__100pF
1
GND
1000pF c2
—_— Al ™
CSI 5 5 IOOOpF%

GND GND
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Parvades [inija

X; - parvades [inijas posms uz montazas plates

4 50 2

€, 4.6

h 1.5 mm

t 35 um

f 2.44 GHz

w 2.699 mm
0.25\ | 16.58 mm

http://wwwl.sphere.ne.jp/i-lab/ilab/tool/ms_line_e.htm
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Parvades [inija

Nenoslegta parvades [inija, ieskats teorija

Ivars Drikis, Leo Selavo
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Parvades [inija

Modela eksperimenti

Ivars Drikis, Leo Selavo
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Merijumu rezultati

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana:

ka panakt lai radio neruna apkart

Parvades [inija

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




Parvades [inija

Secinajumi

m Nenoslegtu parvades [iniju var izmantot ESPAR antenas pasiva
elementa vadibai.

m Pasreizejai antenas konstrukcijai taisna linija ir pararak gara

m Nav skadrs cik liela ir signala “aizture” elektroniskaja komunikacijas
elementa

m [apec jaizveido plate talakiem testiem

Ivars Drikis, Leo Selavo
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Skanosana

Pasivas ESPARY antenas virziendarbibas skanosana

m Simetrijas Tpasibu izmantosana

m Optimalas ESPARY antenas izveide no vienkarsakam antenam

Ivars Drikis, Leo Selavo
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Skanosana

Simetrijas Tpasibu izmantosana

® O ®
e P e ® e
® O ®
Tris parametri: Cetri parametri:
hi = ha, hg = hg, hy = hs hi, ho = hg, hs = hs, hg
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Skanosana

No vienkarsa uz sarezgitaku: 3 parametru simetrijai

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



Skanosana

No vienkarsa uz sarezgitaku: 4 parametru simetrijai

Ivars Drikis, Leo Selavo
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Skanosana

ESPAR3 antena

m Visos mérjjums h, = 18.3 mm un r, = 14 mm

m Merijumos maina hy un hy

Ivars Drikis, Leo Selavo
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Skanosana

ESPAR3 antenas merijjumu rezultati

— hy=15.8 mm h,;=20.6 mm
— h;=16.4 mm h,;=21.2 mm
— h;=17.3 mm h;=21.2 mm
— h;=17.3 mm h;=24.3 mm
— h;=18.3 mm h;=24.3 mm

180° 0°

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



Skanosana

ESPARY antena

m Fiksejam h; = 17.3 mm un hy = 21.2 mm atbilstosi ESPAR3 antenas
merjjumu rezultatiem

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



ESPARY ar 3 mainigo simentriju

180°

Skanosana

—  h3=hs=18.0 mm
—  h3=hs=20.0 mm
—  h3=hs=21.0 mm
—  hy=hs=22.0 mm

] 00

m Fikse hy = ho = 17.3mmun hy = hs = 21.2 mm

m Maina hs = hg.

Ivars Drikis, Leo Selavo
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Skanosana

ESPARY ar 4 mainigo simentriju

— hy=hy=hy;=hs=17.3 mm
—  hy=hy=h;=hy=18.3 mm
—  hy=hy=h;=hy=19.5 mm
——  hy=hg=h;=h;=21.0 mm
— hy=hg=h;=hy=22.3 mm

hy=hys=h;=hs=24.0 mm

180° 0°

m Fikse hy =17.3mm un hy = 21.2 mm
m Maina h2 = h3 = h5 = h6.

Ivars Drikis, Leo Selavo
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ESPARY ar 4 mainigo simentriju

Skanosana

hs=h;=17.3 mm h,=hy;=18.1 mm
hs=hy;=18.3 mm h,=hy;=18.3 mm
hs=h;=19.5 mm h,=hy;=18.3 mm
hs=hs;=21.0 mm hy,=hy;=18.3 mm
hg=hys;=22.3 mm h,=hy;=18.3 mm
hs=h;=24.0 mm h,=hy;=18.3 mm

180°

m Fikse hy =17.3mm un hy = 21.2 mm
m Fikse h2 = h6 = 18.3 mm
m Maina hs; = hs.

Ivars Drikis, Leo Selavo
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ESPARY ar 4 mainigo simentriju

Skanosana

hs=h;=18.3 mm h,=hy;=17.0 mm
hs=hy;=18.3 mm h,=hy;=18.3 mm
hs=h;=18.3 mm h,=hy;=19.7 mm
hs=hy;=18.3 mm h,=hy=22.1 mm
hs=hy;=18.3 mm h,=hy;=24.0 mm

180°

m Fikse hy =17.3mm un hy = 21.2 mm
m Fikse hs = h; = 18.3 mm
m Maina hy = hg.

Ivars Drikis, Leo Selavo
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Skanosana

Rezultati: optimala antena

hi = 17.3 mm
hy = 18.3 mm
hs = 18.3 mm
180° 0° hy = 22.3 mm
hs = 18.3 mm
he = 18.3 mm
h, = 18.3 mm

rp = 14.0 mm

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



Rezultati

Rezultati

Nenoslegtas linijasizmantosana ESPAR antenas pasiva elementa
vadisanai

Pasivas ESPARY antenas virziendarbibas skanoSana

Ivars Drikis, Leo Selavo

Virziena darbibas skanoSana: ka panakt lai radio neruna apkart



	Prezentacijas 28.09.2012.pdf
	viesentis5-00-introLeo.pdf
	kanonirs.pdf
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

	viesentis5-12_robots.pdf
	viesentis5-13_Face_detection_Seminars_28_09_2012.pdf
	viesentis5-21_seal.pdf
	Bezvadu sensoru tīklu programmēšana un pielietojumi
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

	viesentis5-22_TestBed-EdiMoteRinalds.pdf
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

	antlin Drikis-1.pdf
	Motivacija
	EDI ESPAR
	Pārvades līnija
	Skaņošana
	Rezultāti


	antlin Drikis-1 new.pdf



