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Vazeni citatelia,

koniec roka 2008 uzatvara treti rocnik vydavania
periodika SCIENCE & MILITARY, ktoré si ziskalo
pozornost v akademickej  komunite  doma
a v zahranici. Autorsky tim sa rozrastol o novych
prispievatelov z oblasti vedy a techniky. Recenzie
odbornikov a zodpovedna praca clenov redakcnej
rady Casopisu prispeli 'k  zvySeniu  kvality
prezentovanych vystupov vedecko-vyskumnej prace.
Uverejnené prispevky odrazaju odborny a ludsky
potencial, ktory je predpokladom persondlnej
interoperability v narodnej a medzindrodnej
dimenzii..

Dynamicky vztah cloveka, spolocnosti a prirody
determinuje  nasu  cinnost. Hladanie rieSeni
a odpovedi na posobenie v sietovom prostredi
komplexnych  adaptivnych  systémov,  efektivne
vyuzitie silnych a slabych stranok spojenia cloveka
a techniky v kontexte spolocenskych zmien, je velkou
vyzvou pre budiicnost. Prispievatelia  periodika
SCIENCE & MILITARY preto riesia aktualne temy
teorie a praxe, rezortné vedecké ulohy, projekty
Severoatlantickej aliancie a verim, ze v blizkej
buducnosti aj projekty Eurdpskej obrannej agentury.

Vedenie Akadémie ozbrojenych sil generdla
Milana Rastislava Stefanika so sidlom v Liptovskom
Mikulasi  bude  venovat  velku  pozornost
systematickemu rozvoju kvalifikacie vysokoskolskych
ucitelov,  trvalej  podpore  vedecko-vyskumnej
Cinnosti, zvySovaniu  kvality vystupov Statnej
vojenskej vysokej skoly, ako aj vytvaraniu priestoru
pre realizaciu  a vyuzitie ludského potencidlu.
Publikacna cinnost v nasom vedecko-odbornom
Casopise je vyznamnou platformou v procese
realizacie dlhodobych zamerov rozvoja vzdelavacej
insStitucie. Novym impulzom moze byt uzsia
spolupraca univerzit obrany a akadémii v ramci
VysSegradskej skupiny v nasledujuicom obdobi.

Vazené ddamy avazZeni pani, prajem Vam
prijemny zadzitok z ¢itania ndasho casopisu.

Dear readers,

as the end of the year 2008 closes in, the last
issue of SCIENCE & MILITARY closes the third
volume of this periodical, which has aroused an
interest of a wide academic community in Slovakia
and abroad. New contributors have joint the team
of authors to publish their articles focused on
particular scientific issues. Precise work of editorial
staff and reviews of experts contributed to the high
standard of presented research results and findings.
The articles reflect the human and scientific
potential necessary for personal interoperability in
national and international dimension.

Dynamic relations between individual, society
and nature determines our activities. Solving the
problems of operating in complex adaptive systems
network environment and management of weak and
strong points of relations between human and
technology in the context of social changes is a great
challenge. That is why the authors deal with topical
issues  concerning  the theory and practice,
departmental scientific and NATO projects, and
I am convinced that we will have an opportunity to
read about the projects of European Defence Agency
soon.

Management of the Armed Forces Academy of
General Milan Rastislav Stefanik in Liptovsky
Mikulas will invest agreat deal of effort in
supporting the systematic enhancement of lecturers
qualification. Permanent support of science and
research will be provided as well. The Academy
intends to raise the standard of military academic
education and to create the possibilities for a human
potential to be used effectively. Science & Military is
an important platform in process of Academy’s long-
term plans accomplishment. Close cooperation
between the Armed Forces Academy and V4
countries defence universities and academies could
be a new impulse for the future as well.

brigadny general doc. Ing. Miroslav Kelemen, PhD.
rektor
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VLASTNOSTI SINGULARNYCH HODNOT MATICE OBRAZU

THE PROPERTIES OF SINGULAR VALUES OF IMAGE MATRIX

Lubomir SEMANCIK, Alojz BAICI

Abstract: The image matrix represents digitized and encoded information about an image. A saving of complete information
about this image requires a large computer memory for an image processing. The singular values of image matrix represent
characteristic information about the image, but they require smaller memory than image matrix. The singular values are
sensitive to the changes of image. This paper brings basic information about properties of the singular values.

Keywords: image matrix, singular values, Singular Values Decomposition (SVD).

1. UVOD

Matica obrazu predstavuje  digitalizovant
a kodovanu informaciu o obrazovej scéne, ktora je
nasnimand vhodnym snima¢om (napr. kamerou).
S touto maticou obrazu sa vykonavaju rdzne
operacie — spracovanie obrazu (napr. kompresia,
segmentacia, detekcia zmien, rozpoznavanie
objektov). Pre konkrétne kroky spracovania obrazu
sa vyuzivaju vlastnosti réznych metéd a algoritmov.
Jednou z vyuzivanych metdd je aj rozklad matice
obrazu na singuldrne hodnoty (Singular Value
Decomposition — SVD). Vstupom tejto metddy je
obrazova matica, vystupom je vektor singuldrnych
hodnét a dve s nim stvisiace matice riadkovo resp.
stipcovo orientovanych ortonormovanych vlastnych
vektorov [3, 4, 5].

Uvedend metéda a singularne hodnoty boli
pouzité v suvislosti so spracovanim obrazu

\% experimentoch kodovania, separacie,
rozpoznavania binarnych a kédovania
a rozpoznavania  viacuroviiovych  obrazov

[1,5,6,7]. 1 ked st algoritmy rozkladu matice na
singularne hodnoty naro¢né na vypoctovi kapacitu
pouzitych  systémov, pre ucely  detekcie
arozpoznavania, ked nie je pozadovana spitna
transformacia  vystupnych matic a  vektora
singularnych hodnét na pévodny obraz, je mozné
vypoCet urychlit tym, Ze sa pocita iba vektor
singularnych hodnoét. Stucasné kapacity vypoctovych
systémov tak umoznuju ziskat' vysledky v realnom
Case [5].

Z uvedenych skutocnosti vyplyva moznost
vyuzitia singuldrnych hodndt pre ucely detekcie
arozpoznavania objektov v  zabezpeCovacich
systémoch (pod objektom tu chapeme Cast’ obrazu
podstatnu pre pouzivatela z hl'adiska jeho ¢innosti).
Potvrdenim tejto moznosti je analyza singuldrnych
hodndt roéznych obrazovych matic pri zmenach
usporiadania obrazovej scény, prip. pri zmenach jasu
(farby), ktora je uvedena v tomto prispevku.

2. ROZKLAD MATICE OBRAZU NA
SINGULARNE HODNOTY

Nech je dana matica
F=[fij)] (1)

preij=12,...n.

Potom jej rozklad na singularne hodnoty ma tvar
[2,3,4,5]

F=USV" 2)
kde:

U = [u(i,j)] je matica ortonormovanych riadkovo
orientovanych vlastnych vektorov matice F.F'. Pre
maticu U plati UTU =1, kde I je jednotkova matica;

V = [v(ij)] je matica ortonormovanych stipcovo
orientovanych vlastnych vektorov matice F'.F. Pre
maticu V plati V'V=1, kde I je jednotkova matica;

S = [s(i,j)] je diagonalna matica singuldrnych
hodnét.

Ak maticu U vyjadrime v tvare U = [u,, u, us,
..... , Uy] a maticu V v tvare V = [vy, V2, V3, ... , VN,
kde u; av; su stipcovo orientované vektory a maticu
S vyjadrime pomocou submatic

s, 0 .0 0o 0 .. 0 3

0 0 .. 0 0 0 .. 0 ( )
S = + ..+

0 0 .. 0 0 0 ... sy

potom rozklad matice obrazu na singularne hodnoty
mozeme vyjadrit v tvare [4, 5]

N
F = ZuisiviT 4)
i=1
Prvky s; st vlastné hodnoty charakteristickej

rovnice

det(Al-F".F)= 0 (5)
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Pre singularne hodnoty s;; plati
Siy = N4 =5 ©)

Experimentalne bolo zistené, ze singularne
hodnoty  obrazovej matice s objektom
na homogénnom pozadi vykazuju invariantnost
na translaciu, po normovani (maximalnou
singularnou hodnotou) aj na dilataciu a v urcitom
rozsahu aj na rotaciu [5, 7].

3. VLASTNOSTI SINGULARNYCH HODNOT
PRE ROZNE TYPY OBRAZOVYCH
MATIC

Rozklad matice obrazu na singularne hodnoty
(SVD - Singular Value Decomposition) je
najvhodnejsie aplikovat’ na Stvorcovi maticu. Pocet
vyslednych singularnych hodnét sa rovna poctu
prvkov na uhlopriecke obrazu.

Jednou zvlastnosti singularnych hodnét je,
7e uz pri malej zmene v obrazovej scéne sa vyrazne
menia singularne hodnoty. Kedze ich pocet
je vS§tvorcove] matici obrazu rovny maximalne
druhej odmocnine poctu prvkov tejto matice,
prejavuju sa zmeny Vv singularnych hodnotach
vyraznejSie, ako zmeny v obrazovej scéne (Obr. 1
aTab. 1).

Pozn.: Skuto¢né obrazy, z ktorych boli pocitané
singularne hodnoty, su farebné, odtiene Sedej st
pouzité v tlaci.

a b

Obr. 1 Zmena v obraze

Tab. 1 Porovnanie zmien obrazu a singularnzch hodnét

Vlastnost’ a b Zmena v %
Priemer farieb 183,28 | 182,56 0,394
Priemer singuldmych | g4 14 | 20428 5219
hodnot

Priemer farieb v tabulke je vypocitany podla
vztahu

N-1

2

f=t— ™

n

kde:

f je priemer farieb;
n; je pocetnost’ vyskytu i-tej farby;
f; je hodnota jasu i-tej farby;
n je pocet vSetkych bodov obrazu;
N je celkovy pocet farebnych odtietiov.

Priemer singuldrnych hodnét je vypocitany
podl'a vztahu

s == (8)
kde:

§ je priemer singularnych hodnot;
S; je i-ta singularna hodnota;
N je celkovy pocet singularnych hodnot.

Jednofarebné pozadie (s nenulovou troviiou
jasu) ma jednu nenulovil singularnu hodnotu,
s pribudajicimi jednofarebnymi objektmi na takom
pozadi sa pocet nenulovych singularnych hodnot
zvySuje (Obr. 2 aTab. 2). Tieto vysledky st
podobné vysledkom experimentov vykonanych
s binarnymi (Ciernobielymi) obrazmi [5, 6]. Zo
singularnych hodnét v tabulke (Tab. 2) vidiet,
ze umiestnenie (poloha) jednofarebného objektu
na jednofarebnom pozadi nema vplyv na ich velkost’
(Obr. 2 b, d).

a b c d

Obr. 2 Obrazy s roznym poctom a polohou objektov
na pozadi

Tab. 2 Singularne hodnoty obrazov s réznym poctom
a polohou objektov na pozadi

o o [ v [ e |
$1 0 11732,56 11688,80 11732,56
Sz 11776 0 0 0
S3 0 692,55 648,80 692,56
S4 0 0 736,00 0
S5 0 0 0 0

Pocet nenulovych singularnych hodnét zlozitych
objektov  (objekty so zlozitymi tvarmi) na
jednofarebnom pozadi je vyssi v porovnani s po¢tom
singularnych  hodnét  jednoduchych  objektov
(objektov v tvare Stvoruholnika) (Obr. 3 a Tab. 3).
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a b c

Obr. 3 Obrazy so zlozitymi objektmi na pozadi

Tab. 3 Singularne hodnoty obrazov so zlozitymi objektmi

Pozn.: Objekty a, b st zdanlivo rovnaké, singularne
hodnoty vsak potvrdzuja, ze maju rozny jas.

Tab. 5 Singularne hodnoty obrazov s réznofarebnymi
objektmi

na pozadi
Singularna

hodnota a b ¢
$1 11671,74 11614,50 11533,33
S2 0 1156,61 1357,71
3 1044,25 481,59 0
S4 0 0 656,33
S5 0 284,11 363,40
S6 0 167,80 0

Pri  neprekryvajucich sa alebo ciastocne

sa prekryvajucich jednofarebnych objektoch na
jednofarebnom pozadi je mozné urcit’ pocet objektov
podrla poctu singularnych hodndét. Avsak pri Giplnom
prekryti  objektov  sa  prekryvajice  objekty
vyhodnotia ako jeden objekt [5, 6] - odlahlost
objektov tu nema vplyv (Obr. 4 a Tab. 4).

a b c d
Obr. 4 Prekryvajice sa objekty

Tab. 4 Singularne hodnoty obrazov s prekryvajiucimi sa

ot [ v [ e [
$1 11161,55 12053,99 11804,20 | 11070,56
S2 0 0 0 1643,63
3 2329,55 762,01 83,80 1076,02
S4 0 0 0 848,59
S5 0 0 0 912,77

Pri zmene usporiadania objektov na ploche
so sucasnou zmenou vyslednej textiry obrazu
dochadza k zmene singularnych hodndt, napriek
tomu, Ze pocet objektov (tmavé) na pozadi (svetlé)
ostava nezmeneny (Obr. 6 aTab. 6).
prehl’adnosti st uvedené iba prvé tri usporiadané
singularne hodnoty.

Kvoli

a b ¢

Obr. 6 Zmena usporiadania objektov na pozadi

Tab. 6 Singuldrne hodnoty obrazov so zmenou
usporiadania objektov na pozadi

Singuldrna
a b c
hodnota
$1 10080,00 10059,36 10187,63
Sy 5983,99 5656,74 4378,68
3 0 1990,73 2908,25

objektmi
yrrrd B L B
1 10648,48 | 10524,76 | 10648,48 | 10524,76
Sz 0 0 0 0
S3 2819,54 2017,15 2819,54 2017,15
S4 0 2549,58 0 2549,58

Zmena farby ma vplyv na velkost’ singularnych
hodnét a poSkodenie tvaru (napr. maskovacim
naterom — objekt d) ma za dosledok zmeny vsetkych
singularnych hodndét (Obr. 5 a Tab. 5).

H | ¢
7

a b C d

Obr. 5 Obrazy so zmenenou farbou objektu na pozadi

Zmeny v singularnych hodnotach vsak nie su
pozorované, ak zmena usporiadania obrazu je
realizovana iba zmenou vzijomnej polohy
(posunom) objektov, nie vSak zmenou celkovej
textary (Obr. 7 a Tab. 7):

R £

Obr. 7 Zmena usporiadania objektov na pozadi bez
zmeny textiry

d
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Tab. 7 Singularne hodnoty obrazov so zmenenym
usporiadanim objektov na pozadi bez zmeny textury

Singuldarna
a b ¢ d
hodnota
S 10576,74 | 10576,74 | 13359,72 | 13359,74
Sz 0 0 0 0
S3 4949,61 4949,61 4208,82 4208,77

Z uvedenych vlastnosti vyplyva, ze citlivost
singularnych hodnét na zmeny v obrazovej scéne,
pri ktorej ddjde asponn k minimalnemu naruSeniu
textary obrazu, je dostatoCnd na to, aby sa dala
zaregistrovat’.

4. VYUZITIE VLASTNOSTI
SINGULARNYCH HODNOT

Vyssie uvedené vlastnosti singularnych hodnét,
najmé ich citlivost uz na malé zmeny v obraze,
¢i uz zmenou farby alebo aj pritomnostou nového
objektu v obrazovej scéne, je mozné vyuzit' na
detekciu ~ zmien v sledovanom  priestore
s vylacenim vplyvu ludského Cinitel'a (monitoring
kamerovym systémom bez dalSiecho spracovania
nasnimanej scény moéze byt nelGclinny, pretoze
ludskda obsluha nemusi drobné zmeny vobec
zaregistrovat).

Pre vyuzitie singularnych hodnét na detekciu
zmien Vv sledovanom priestore je potrebné
zabezpecit cyklické snimanie obrazovej scény
v pravidelnych intervaloch, vypocet singularnych
hodnét nasnimanej scény a ich porovnanie

so singularnymi ~ hodnotami  vypocitanymi
v predchadzajucom cykle (Obr. 8).
Vyhodnotenie
Zmien v
brazovej scéne S
singularne
SHEHNNING hodnoty
nasnimané v
predchadzajicich
cykloch

Singuliarne hodnoty
aktuilne nasnimaného
obrazu

Nasnimany
obraz

SVD

Obr. 8 Detekcia zmien v sledovanom priestore

Obrazok 9 wukazuje termoobraz pozadia (a)
a termoobraz objektu na pozadi (b) a Tabulka 8
obsahuje ich prvych pat’ singularnych hodnét.

Obr. 9 Termoobraz pozadia a objektu na pozadi

Tab. 8 Singularne hodnoty obrazu pozadia a obrazu
s objektom na pozadi

R b
S1 34933,33594 35400,34375
S 2740,51245 2857,13403
S3 2146,22632 2082,41089
S4 1378,38916 1547,09778
S5 1153,16528 1205,02966

Uvedené hodnoty opét’ potvrdzuju, ze uz zmena
malej Casti obrazovej scény spdsobi vyraznejSiu
zmenu singularnych hodnot.

5. ZAVER

Tento prispevok si kladol za ciel’ poukazat' na
niektoré vlastnosti singularnych hodnét ako jedného
z vystupov rozkladu matice na singularne hodnoty
(SVD).

Vyuzitie principov tejto metédy je mozné
v zabezpecovacich a detekénych systémoch.

V stvislosti s vysokou citlivostou singularnych
hodnét obrazovej matice na malé zmeny v snimanej
scéne je v sucasnosti metdéda SVD testovana ako
mozny nastroj na hodnotenie efektivity maskovania
objektov (kde sa porovnavaju singularne hodnoty
pre rozne sposoby maskovania ana zdklade ich
porovnania sa vyberie najefektivnejsi sposob).

Z vysledkov experimentov vyplyva:

e singularne hodnoty vykazuji priblizne
o 1 rad vys$$iu zmenu, nez je zmena jasu
v obraze;

e singularne hodnoty moézu pri potlaceni
rozdielov v jase pozadia  (pri
homogénnom pozadi) detekovat’ pocet
objektov. na takom pozadi, =za
predpokladu, Ze objekty sa neprekryvaju,
alebo sa prekryvaju iba CiastoCne;

e pri zmene jasu objektu maskovanim sa
dosiahne zmena singularnych hodnot,
¢im by sa dala posudzovat kvalita
maskovania objektu.
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Tato metoda prindasa  dobré  vysledky
a za predpokladu jej implementacie na sucasnych
vykonnych vypoctovych systémoch je mozné jej
pouzitie v realnych podmienkach.
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Summary: This paper gives a basic information about
SVD and a properties of singular values. These properties
are illusstrated by means of various model situations.
Performed analysis of obtained results indicates possible
utilization of SVD in military applications. We can use the
singular values for a detection of changes in the image and
so we can evaluate an effects of camouflage or we can
recognize security violation.

Ing. ubomir SEMANCIK, PhD.

Akadémia ozbrojenych sil generala M. R. Stefanika
Deménova 393

031 01 Liptovsky Mikulas

Slovenska republika

E-mail: lubomir.semancik@aos.sk

RNDr. Alojz BAJCI, PhD.

MAGIC TRADING CORPORATION, a.s.
Kuzmanyho 940/11

031 01 Liptovsky Mikulas

Slovenska republika

E-mail: alojz.bajci@magic.sk



Scientific papers Science & Military 2/2008

ORTHOGONAL TRANSFORMS FOR DIGITAL MODULATION CLASSIFIERS

Marie RICHTEROVA

Abstract: This paper describes the using of Walsh—-Hadamard transform (WHT) and Karhunen—Loeve transform (KLT) for
the modulation recognition. The method of clustering analysis was chosen by theoretic recommendations for 2—class
recognizer of FSK and PSK signals. The input signal is converted to the "phase image". WHT and KLT is provided on this
image and itself performs the recognition by a minimum-—distance classifier. The algorithm for a modulation recognition was

realized in the programme MATLAB. The tests designed algorithm was the implementation on real pattern signals.

Keywords: orthogonal transforms, signal processing, modulation recognition, modulation classifiers, digital signals.

1. INTRODUCTION

Methods of the image recognition  found
a practical use in a number of diagnostic disciplines.
We will recognize modulation type in this case.
In recognizing signals, input data of real modulated
signal are usually distorted by stochastic noise,
therefore, we will seek the best coincidence with
some of classes of possible results.

The coincidence will defined as a the smallest
distance of the researched array of characteristic
features from an etalon of an classes of training sets.
The classifier, which works with the mentioned

method, is called the minimum—distance classifier.

2. ORTHOGONAL TRANSFORMS USED
FOR MODULATION RECOGNITION

The utilization of orthogonal transforms for the
recognition of various types of modulated signals is
described in a number of reference sources. Fourier
transform [1, 2], Haar transform [1], discrete cosine
transform [1, 2], Walsh-Hadamard transform
(WHT) [1, 3, 4] and Karhunen—Loeve transform
(KLT) [3, 4] belong to the most frequently exploited
and recommended orthogonal transforms. In this
paper will described the utilization of the WHT and
KLT for the recognition of the frequency shift
keying (FSK) signals and phase shift keying (PSK)

signals.
2.1 Walsh-Hadamard transform

The Walsh-Hadamard transform (WHT) is
perhaps the most well-known of the nonsinusoidal
orthogonal transforms. The WHT has gained
prominence in various digital signal processing
applications, since it can essentially be computed
using additions and subtractions only. WHT is used
for the Walsh representation of the data sequences.
Their basis functions are sampled Walsh functions
which can be expressed in terms of the Hadamard
matrix. The WHT is defined by relation
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1
B(N)= FH(N) X(N), (1)
where B(N) are coefficients of WHT,
N is the order of the WHT,
H(N) is N- order Hadamard matrix,
X(N) is the signal vector.

An algorithm for the WHT was realized in the
programme Matlab.

2.2 Karhunen—Loeve transform

KLT is an optimal orthogonal transform
applicable to the compression of image data
according to the criteria of the mean square error [3].
There is a mathematic theorem for the definition of
the KLT located e.g. in [3], hence, only resultant
mathematic formula for the KLT will be presented.

The one—dimensional direct KLT is defined by
relation

F=T-f, @)

where T is the transform kernel formed by
characteristic vectors of signal matrix Cj,

f is the column vector of the real pattern of
modulated signal.

The transform of covariance matrix C; from the
time areas into the spectral areas is given by means
of formula

Cp=T-C,-T, 3)
where T'is the transform kernel,
C; is the covariance matrix,
T' is inverse transform kernel.

An algorithm for the KLT was realized in the
programme Matlab. The classifier of the FSK and
PSK signal will be described in the next text.
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3. THE 2-CLASS MINIMUM-DISTANCE
CLASSIFIER

The process of the recognition of FSK and PSK
signals by means of the 2 — class minimum distance
classifier is shown in the Fig.1.

Receiver

l_____*_____j

A/D converter

'

Pre-processing

i

Phase image

|
|
|
|
:
|
|
|
|
|

mHEAE O RSO

WHT/KLT

!

Decision
FSE -PSK

| FSE classifier | | POK classfier |

Fig. 1 Simplified block scheme of a recogniser of FSK
and PSK signals

Now we briefly describe the block scheme from
Fig. 1. A real signal inputs from a receiver via an
A/D converter into a computer, where it is processed
and stored in the data format WAV.

Then block is pre—processed and used for the
filtering and scaling of the input vector of real
pattern of FSK or PSK signal. The scaling of real
pattern signal is performed in this case and the
spectral power density signal is calculated by means
of the function PSD, which is in the programme
Matlab. According as the vector of the real will
processed into classifier for FSK signals or into
classifier for PSK signals, it is located by means of
testing.

The phase image (see Fig. 2) of the processed
pattern of real signal is created by means of
algorithms from [3, 4] by way of the application of
the WHT or KLT. The feature vector is a result of
the pre—processing of the real pattern of signal. The
feature vector is classified via a minimum—distance
classifier.

Two 2—class minimum-distance classifiers for
FSK and PSK signals were designed and realized via
the learning process. The learning process and the
working principle of these minimum—distance
classifiers is described in [1, 3, 4]. The practical

application of 2—class minimum—distance classifiers
is presented in [3, 4].

S0

26

0

5 10 15 0 2% 30

Fig. 2 The phase image of 2-FSK signal

Weights and the threshold of the 2-class
minimum—distance classifier were obtained by the
numerical solving of appropriate equations for the
training sets [1, 3, 4].

The training concept is best introduced by means
of simple example (see Fig. 3). Suppose we wish to
train a such that it is capable of classifying a pattern
Z as belonging to either C; or C,. Support the
training set consists of the following set of patterns
Zjj.

7
ooooao Decision boundary
& - Zi=0
2 7, gz

Fig. 3 A 2-dimensional feature space

Let Z; and Z, denote the mean pattern vectors
associate with C, and C, respectively. Then we have

Z, :122,.j, i=12 4)
n'g

Inspection of Fig. 3 reveals that a reasonable
decision boundary which separates C; and C, is the

11
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perpendicular bisector of the line joining Z and

Zz . Then we must have
l2-21 He-Z| ®)

which simplifies to
A R 2N T

Substituting (4) and (5) in the equation (6) we
obtain the equation for the decision boundary as

1 (1= _
[ -] e ™

©® is called the threshold of the classifier. The
basic ingredient used to represent the classifier is a
discriminant function g(Z) which is defined as

8(2)=2,7-0 (8)

The decision rule of 2—class minimum—distance
classifier is very simple. We specify two
discriminant functions which represent the distance
of image from two training sets. If the first
discriminant function is maximum, then an unknown
image pertains into the first training set and vice
versa. This is a principle of 2—class minimum—
distance classifier.

4. EXPERIMENTAL RESULTS

The performance evaluations of the proposed 2—
class minimum—distance classifier (see Fig. 1) are
introduced for 2-FSK, 4-FSK, 2-PSK and 4-PSK
signals. We have classified 95 real patterns of
modulated signals. The results of the performance
are summarized in Table 1 for the classifier based on
the WHT and in Table 2 for the classifier based on
the KLT.

Table 1 Performance of the 2—class minimum-—distance
classifier based on the WHT

Table 2. Performance of the 2—class minimum-—distance
classifier based on the KLT

Real Classified modulation type [%]
signal 2-FSK 4-FSK | 2-PSK | 4-PSK
2-FSK | 80.0 20.0 - -
4-FSK | 12.0 88.0 - -
2-PSK | — - 77.0 13.0
4-PSK | — - 22.0 78.0

Real Classified modulation type [%]

signal 2-FSK | 4-FSK | 2-PSK | 4-PSK
2-FSK 78.0 22.0 - -
4-FSK 15.0 85.0 - -
2-PSK | - - 76.0 14.0
4-PSK | - - 25.0 75.0
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5. CONCLUSION

The operation of the 2—class minimum-—distance
classifier of FSK and PSK signals has been verified
by means of practical programming realized in the
programme Matlab. Results of the classification
show that the Karhunen—Loeve transform has better
properties compared to Walsh—-Hadamard transform.
The classification efficiency of the 2-class
minimum-—distance classifier is superior to the linear
classifier and quadratic classifier as presented in [3].
Experimental results show that the principal block
scheme for the recognition of real pattern of FSK
and PSK signals can be used for the special signal
analysis in the areas where it is necessary to know or
recognize the signal modulation type.
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ESTIMATION OF STOCHASTIC COEFFICIENTS OF INERTIAL SENSORS

Milo§ SOTAK

Abstract: The main objective of this paper is to test the Allan variance as a unified method in identifying and modeling
noise terms of inertial measurement unit sensors. The estimation accuracy is mostly affected by the time-dependent growth
of inertial sensor errors, especially the stochastic errors. In order to eliminate the negative effect of these random errors, they
must be accurately modeled. Usually the stochastic models are based on the 1st or 2nd Gauss-Markov models, where the key
to successful implementation depends on how well the noise statistics of the inertial sensors are selected [9]. In order
to improve the performance of the inertial sensors, the users are keen to know more detail about the noise component for
a better modeling of the stochastic part to improve the navigation solution [6], [7].

Keywords: IMU, stochastic modeling, gyroscope, accelerometer.

1. INTRODUCTION

The Inertial Measurement Unit (IMU) typically
provides an output of the vehicle’s acceleration and
angular rate, which are then integrated to obtain the
vehicle’s position, velocity, and attitude. The three-
axis Inertial Measurement Unit (IMU) containing a
three-axis accelerometer and a three-axis gyroscope.
Basically they have different error characteristics
[3], [5]- The requirements for accurate estimation of
navigation information necessitate the modeling of
the sensors’ noise components. Several methods
have been devised for stochastic modeling of inertial
sensors noise (Adaptive KF, PSD, AC). Variance
techniques are basically very similar, and primarily
differ only in that various signal processing, by way
of weighting functions, window functions, etc. Allan
variance is a method of representing root mean
square (rms) random drift error as a function of
average time [11]. It is simple to compute, much
better than having a single rms drift number to apply
to a system error analysis, and relatively simple to
interpret and understand. Allan variance method can
be used to determine the character of the underlying
random processes that give rise to the data noise [1].
This technique can be used to characterize various
types of noise terms in the inertial sensor data by
performing certain operations on the entire length of
data. Its most wuseful application is in the
specification and estimation of random drift
coefficients in a previously formulated model
equation.

2. ALLAN VARIANCE

David Allan proposed a simple variance analysis
method for the study of oscillator stability that is the
Allan variance method. After its introduction, this
method was widely adopted by the time and
frequency  standards  community  for  the
characterization of phase and frequency instability
of precision oscillators [1]. It can be used to
determine the character of the underlying random
processes that give rise to the data noise. As such, it
helps identify the source of a given noise term in the
data. Because of the close analogies to inertial
sensors, the method has been adapted to random

drift characterization of a variety of devices [11]. In
the Allan variance method of data analysis, the
uncertainty in the data is assumed to be generated by
noise sources of specific character. The magnitude
of each noise source covariance is then estimated
from the data. The key attribute of the method is that
it allows for a finer, easier characterization and
identification of error sources and their contribution
to the overall noise statistics [2].

3. EXPERIMET

3.1 ANALYSIS OF IMU NOISE TERMS

Allan’s definition and results are related to seven
noise terms and are expressed in a notation
appropriate for inertial sensor data reduction. The
five basic noise terms are angle random walk, rate
random walk, bias instability, quantization noise,
and drift rate ramp. In addition, the sinusoidal noise
and exponentially correlated (Markov) noise can
also be identified through the Allan variance
method. In general, any of the random processes can
be present in the data [1]. Thus, a typical Allan
variance plot looks like the one shown in Figure 1.
Experience shows [1] that, in most cases, different
noise terms appear in different regions of z. This
allows easy identification of various random
processes that exist in the data. If it can be assumed
that the existing random processes are all
statistically independent then it can be shown that
the Allan variance at any given 7 is the sum of Allan
variances due to the individual random processes at
the same .

Correlated
Random Walk noise  Sinusoidal Rate Random Walk

Allan deviation log ()

Quantization Bias Instability

Averaged period log(r)

Fig. 1 Sample plot of Allan variance analysis results, like
in[11]
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For ADIS sensors, the random walks and bias
instability are considered as the principal errors, and
hence the Allan variance method is used to obtain
coefficients of these errors.

ANGLE (VELOCITY) RANDOM WALK

High frequency noise terms that have correlation
time much shorter than the sample time can
contribute to the gyro angle (or accelerometer
velocity) random walk. These noise terms are all
characterized by a white noise spectrum on the gyro
(or accelerometer) rate output. The associated rate
noise PSD is represented by [11]:

So(f)=N? (1)
where S, (f)is PSD, N is the angle (velocity)

random walk coefficient, and f is the frequency.
Substituting Equation (1) into the definition of the
Allan variance [11]

4
o2 () =4[ S, (NI g 2
5 (7)=4], So(h) e )
and performing the integration, yields
NZ

Figure 1 is a sample log-log plot of o (7) versus =
where random walk is represented by second part of
curve with a slope of & = —0,5. Furthermore, the
numerical value of N can be obtained directly by
reading the slope line at r = /.

BIAS INSTABILITY

The origin of this noise is the electronics, or
other components susceptible to random flickering
[1], [8]. Because of its low-frequency nature it
shows as the bias fluctuations in the data. The rate
PSD associated with this noise is [11]:

(B_ZJ.L r<f

So(f)=4\27) f ! )
0 f>1

where B is the bias instability coefficient and f; is

the cutoff frequency. Substituting Equation (4) into

the definition of the Allan variance Equation (2), and
performing the integration, yields:

2B {ln 2- s‘“;f (sin x + 4x cos x) +:| )

oy (7)= i
+Ci(2x)— Ci(4x)

In Figure 1 is seen the flat region of Allan
standard deviation which represents bias instability.
It is the asymptotic value of 0.664B for r much
longer than the inverse cut-off frequency.

T

3.2 TEST AND RESULT

The proposed Allan variance method was applied
to a real data collected from the IMU ADIS16354 in
static mode. The ADIS16354 iSensor™ is a
complete triple axis gyroscope and triple axis
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accelerometer inertial sensing system (dimensions
23 mm x 23 mm % 23 mm). This sensor combines
the Analog Devices, Inc., iMEMS® and mixed signal
processing technology to produce a highly integrated
solution that provides calibrated, digital inertial
sensing [4], [10]. SPI interface and simple output
register structure allow for easy access to data and
configuration controls. The specifications of the
ADIS16354 IMU are given in Table 1.

Table 1 The Specifications ADIS16354, [4]

ADIS 16354 Gyroscopes Accelerometers
(2-tap filter) Yroscop
Range +300°.s”" +1,7¢g
Noise (rms) 0,6 °.s" 4,7 mg
Noise density| o501 1,12 | 24 mg.Hz '
(rms)
In Run Bias o -1
Stability (1) | 0127 0.7 mg
Random walk 0 1.-172 A 412
(25°C) 42°h 0,135 m.s".h

To assess the performance of the ADIS 16354,
a static test was conducted. The data sampling rate
was 100 Hz and twelve hours of static data was
collected. The lab temperature during the test was
25 °C. The entire data was then analyzed.

A log-log plot of ADIS16354 three axis gyros’
and three axis accelerometers’ Allan standard
deviation versus averaged time are shown in Figure
2,3.

ESTIMATED IMU ERRORS PARAMETERS

The magnitude of each IMU noise source
covariance is estimated from the data by the Allan
deviation analysis.

Figure 2 clearly indicates that the random walk is
the dominant noise for short averaged times. There
can be shown how to obtain the random walk
coefficients from the Allan deviation log-log plot
result. A straight line with slope of —0,5 is fitted to
the long averaged time part of the plot and meets the
7= 1 second line at a value of 0,06620 °.s 2,

The almost flat part of the curve of long
averaged part is indicative of the low frequency
noise, which determines the bias variations of the
run (bias instability). A zero slope line, which is
fitted to the bottom of the curve, determines the
upper limit of bias instabilities. Such a line meets the
ordinate axis at a value of 0,0/269 and dividing this
by 0,664 yields the maximum bias instability value
of 0,019 deg/s. We can determine the same
parameters for next gyros and for accelerometers
from Figure 3.

Table 2 lists all obtain coefficients from Allan
deviation analysis, respectively for each sensor.
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Fig. 2 ADIS16354 gyro Allan deviation results

Table 2 Allan deviation analysis results

Gyroscopes Accelerometers
Random walk [O.S _1/2] [mg s_l/z]
datasheet 0,05 0,24
x’ 0,06620 0,3774
3’ 0,04907 0,2702
2z 0,06522 0,2671
Bias instability Gyrgsc_]opes Accelerometers
[°.s7] [mg]
datasheet 0,015 none
X’ 0,019111 0,0754
)’ 0,014169 0,0873
2z 0,018524 0,0550

accelersmeter 3™ in ENU

=
7 10’
&
2
3 x1
= ¥ 0.0003774
= L]
H "
E]
[
10"
* 1838
¥: 5 009e-005
.
10 10 10 10’ 10° 10
TAL iseconds)
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Fig. 3 ADIS16354 accelerometer Allan deviation results

4. CONCLUSION

By comparing the estimated noise coefficients
obtained from datasheet, listed in Table 2 with Allan
variance method, the noise coefficient are very
similar and different for each sensor. These
coefficients are very important for formulated model
equation. Based on the above analysis, the Allan
variance method is helpful in IMU analysis and
modeling for both manufacturers and users.
Manufacturers can improve sensor performance
based on the identified noise terms. Users can better
model sensor performance according to the existing
noise terms within the sensor output. Random walk
is an important noise term and can be used to
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evaluate the sensor noise intensity. In the Kalman
filter design, the amplitude of random walk
coefficients can be directly used in the process noise
covariance matrix with respect to the appropriate
sensor [1].

It is known, although computations of the
autocorrelation function or the power spectral
density distribution do contain a complete
description of the error sources, these results are
difficult to interpret or extract. For power spectral
density method, the frequency averaging technique
should be applied first to make the slopes of the
curve distinguishable. Then, further calculation is
needed to obtain the coefficients. Thus, the
procedure of parameter abstraction for Allan
variance is much simpler (noise coefficients can be
read off directly from the Allan variance result plot)
than that for power spectral density [1].

As a conclusion, Allan variance method is more
suitable for inertial system performance analysis and
prediction and comparing with other methods, such
as autocorrelation and power spectral density, Allan
variance is much easier to implement and
understand. Thus this method can be widely used in
inertial sensor stochastic modeling.
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APPLICATION OF WAVELET ANALYSIS TO INERTIAL MEASUREMENTS

Milo§ SOTAK

Abstract: The paper presents de-noising algorithm development for the inertial measurement unit (IMU). The problem with
inertial measurements is that the required signal is buried into a large window of high frequency noise. If such noise
component could be removed, the overall inertial navigation accuracy is expected to improve considerably. The paper is
focusing on the determination of sensors errors that can be defined as measurement noises. The algorithm was created in
simulation environment MATLAB. The results show that the de-noising algorithm is able to obtain accurate data from the
raw data. Other errors like scale factor instability, axis misalignment, and non-linearity are not dealt with.

Keywords: wavelet analysis, inertial measurements, gyroscope, accelerometer, inertial measurement unit.

1. INTRODUCTION

The three-axis Inertial Measurement Unit (IMU)
containing a three-axis accelerometer and a three-
axis gyroscope. Accelerometers and gyroscopes are
inertial sensors which provide inertial measurements
(acceleration and angular rate). Basically they have
different error characteristics [3], [5]. In general, the
noise can be split into low frequency components
(long-term errors) and high frequency component
(short-term errors). Both errors are combined
together in the time-domain and affect the
measurement accuracy. Separation between the two
components in the time-domain may assist in
improving the performance characteristics of the
accelerometer measurements, thus improving the
overall accuracy of the navigation system [7].

2. WAVELET ANALYSIS

Wavelets are mathematical functions that cut up
data into different frequency components, and then
study each component with a resolution matched to
its scale [8]. The main advantage of wavelet analysis
is that it allows the use of long-time wavelet
intervals where more precise low-frequency
information is needed, and shorter intervals where
high-frequency information is sought [9]. They have
advantages over traditional Fourier methods in
analyzing physical situations where the signal
contains discontinuities and sharp spikes [1]. Similar
to Fourier analysis, wavelet analysis can decompose
a signal into low and high frequency components.
The main difference between Wavelet and Fourier
analyses is that Wavelet analysis uses a wide variety
of base functions whereas Fourier analysis uses sine
and cosine as its base functions. In general, the
wavelet transformation of a time-domain signal is
defined in terms of the projections of this signal into
a family of functions that are all normalized
dilations and translations of a wavelet function.

The fundamental idea of multi-resolution
analysis is to represent a function as a limit of
successive approximations, each of which is a
"smoother" version of the original function. The
successive approximations correspond to different

resolutions, which lead to the name multi-resolution
analysis as a formal approach to constructing
orthogonal wavelet bases using a definite set of rules
and procedures [8].

In discrete time domain, the implementation of
the wavelet transform is based on a bank of discrete
time filters that have essentially half-band Low-pass
and High-pass characteristics.

The original signal is basically divided into two
parts. The output of the low-pass filter is called the
approximation of the original signal. This part
includes the Earth's gravity (for accelerometers) and
rotation rate (for gyros) components, in addition to
the long-term noises and some highly attenuated
short-term noise components. The output of the
high-pass filter is called the details of the original
signal. This process is called the wavelet
decomposition. Therefore, if several levels of
decomposition are utilized, the white noise
component can be separated, thus reducing the
measurement uncertainty. The approximation will,
therefore, contain the Earth’s rotation rate or gravity
frequencies, as well as long-term inertial sensor
errors. Since both effects are mixed together within
very small frequency band at low frequencies. The
wavelet decomposition may not be able to separate
the Earth's rotation rate or gravity components from
the long-term sensor errors. However, such long-
term errors have minor effects on the performance of
inertial sensors. In addition, these errors can be now
accurately modeled using stochastic processes,
especially after being separated from the white noise
component of relatively high standard deviation.

Original Signal

Aproximation Details
(A1) (D)

Details
(D2)

Aproximation
(AZ)

Fig. 1 Two level of decomposition
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The decomposition process can be iterated with
successive approximation being decomposed, in
turn, so that the inertial sensor measurement is
broken down into many lower-resolution
components. This procedure is known as wavelet
multiple-level ~decomposition. Fig. 1 shows
a two level wavelet decomposition tree.
Theoretically, the decomposition process is iterative,
it can be continued indefinitely. Practically, the
decomposition can only proceed until the individual
details consist of a single frequency. However, in
practice, a suitable number of levels of
decomposition are selected based on the nature of
the signal or on a suitable criterion.

3. EXPERIMET

The algorithm for experiment was created in
simulation environment MATLAB. The proposed
de-noising method was applied to a real data
collected from the IMU ADIS16354 in static mode.
The ADIS16354 iSensor™ is a complete triple axis
gyroscope and triple axis accelerometer inertial
sensing system (dimensions 23 mm x 23 mm x 23
mm). This sensor combines the Analog Devices,
Inc., IMEMS® and mixed signal processing
technology to produce a highly integrated solution
that provides calibrated, digital inertial sensing [4],
[10]. SPI interface and simple output register
structure allow for easy access to data and
configuration controls. The specifications of the
ADIS16354 IMU are given in Table 1.

Table 1 The Specifications ADIS16354, [4]

ADIS 16354 Gyroscopes Accelerometers
(2-tap filter) Y p
Range £300°.5" +1,7¢g
Noise (rms) 0,6 °.s" 4,7 mg
Noise density | ) o501 j, 12 | 024 mgHz'?
(rms)
In Run Bias o -1
Stability (10) 0.015°%s 0.7 mg
Random  walk 0 1.-1/2 -2
(25°C) 42°h 0,135 m.s".h

To assess the performance of the ADIS 16354,
a static test was conducted. The data sampling rate
was 100 Hz and two hours of static data was
collected. The lab temperature during the test was
25 °C. The IMU was oriented east-north-up (ENU).
Theoretically, in static mode, the gyroscopes
measure the Earth’s rotation. The etalon values for

lab position on the Earth (¢ =48,7"; A=21,2";
h=230m) are a)f},=[0;2,75~10‘3;3,l4~10'3 " oss
for gyros (in ENU). The etalon values of the
accelerometers are ab:[O;O;—9,8088]T m/s* (in

ENU), assuming that they are highly aligned with
the horizontal plane. Practically, the static output of
sensors can be used to assess noise level or error
variability. The IMU raw data was processed to
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evaluate the noise level by a mathematical variance
analysis (see Tab. 2), and the wavelet decomposition
was used to decompose the raw data into high and
low frequency data sets. The low-frequency data
was utilized to approximate the error temporal
variability as a random walk.

To decompose the raw data is used a Daubechies
(db8) mother wavelet, herein [6]. Since the noise has
a zero mean, the wavelet decomposition level at
which the mean of the high frequency components
becomes non-zero is selected. After wavelet
decomposition, the high frequency parts can be used
to analyze noise, and the low frequency part can be
used to analyze slowly varying errors.
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Fig. 2 Means of details (high frequency components) vs.
the level of wavelet decomposition

Figure 2 shows the mean of the high frequency
components across the levels of wavelet
decomposition. It can be seen that the mean value of
the high frequency noise starts to be non-zero when
the decomposition level is greater than 14. Therefore
the decomposition level of 14 is selected. With
respect to the decomposition level 14, the raw data,
the decomposed high and low frequency data for
gyroscopes and accelerometers are shown from Fig.
3 and Fig. 4, respectively. The raw data is a
combination of high-frequency noise and slowly
varying sensor errors. After wavelet decomposition,
the high-frequency noise and slowly varying errors
are separated effectively from the raw sensor data,
and the slowly varying sensor noise becomes



Science & Military 2/2008

Scientific papers

[%8]

b
b

"] 1

01

0.05

g (8)

W
(]

-0.05

by s
ag [78]

o 1%8]

wgr (73]

g

Original o} in ENU

3 4
Sample

Original o} in ENU

8 7
x 10°

8 7
x 10°

3 4
Sample

Original 27 in ENU

-] T
x 10°

[:] 7
x10°

3 4
Sample

8 7
x10°

Fig. 3 Gyroscope measurements before (raw data) and
after wavelet de-noising

arelatively clean, low frequency signal. It is evident
that most of the noise components are removed, thus
reducing the measurement uncertainty. The variance
of the high-frequency components gives an estimate

of the noise power.

Table 2 Mathematical Analysis — Mean and STD of Raw data
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Fig. 4 Specific force measurements before and after
wavelet de-noising.

Tables 3, 4, 5 and lists the standard deviation of the
measurement noise of each inertial sensor for the
original measurement, the corresponding details and
at 14"  level of wavelet

approximation
decomposition.

Table 3 Wavelet Analysis — Mean and STD of Details
after 14" decomposition

Gyroscopes Accelerometers Details Gyroscopes Accelerometers

Raw data y[O.s-‘]p [m.s?] 14" level y[°.s'1]p [m.s?]

X’ - std +0.654720 +0.032287 X’ - std +0,654221 +0,032241
x” - mean -0.027421 +0.002727 x” - mean -0,000357 +0,000005

3y - std +0.489285 +0.026292 )’ - std +0,487556 +0,026275
" - mean +0.022830 -0.044952 " - mean +0,000155 +0,000037

2 - std +0.643715 +0.026659 2 -std +0,643368 +0,026613
2 - mean +0.308038 -9.921099 2’ - mean -0,000384 +0,000004
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Table 4 Wavelet Analysis — Mean and STD of
Approximation after 14" decomposition

Approx. after Gyroscopes Accelerometers

14" level [°.s"] [m.s?]

x” - std +0,026477 +0,001744
x” - mean -0,027064 +0,002722

3y - std +0,041322 +0,001205
" - mean +0,022675 -0,044989

2" - std +0,020235 +0,001681
2’ - mean +0,308422 -9,921103

Table 5 Wavelet Analysis - Maximum Error of the
reconstructed signal after 14" decomposition

Max. error Gyroscopes Accelerometers
of analysis [°s] [m.s]
X 1,8261.10™" 1,0225.10"
3y’ 1,6550.10"" 7,9645.10"
z 1,9730.10™" 9,5746.10"

The data in table clearly indicates that significant
reduction in the measurement noise was achieved.

4. CONCLUSION

For many signals, the low-frequency content is
the most important part. Especially, it is significant
for output signals from the accelerometers and
gyroscopes, which are used for alignment process of
the inertial navigation system. This is the reason
why the inertial sensor measurements were de-
noised. The results have determined that 14 levels of
decomposition are enough to provide significant
reduction of the inertial sensor high frequency noise
components. Further decomposition may lead to
cutting off some of the useful frequency components
in the inertial sensors measurements. Experimental
results clearly demonstrated the capability of the
new approach to improve the signal noise ratio. The
proposed technique is highly beneficial in providing
fast and accurate alignment of inertial measurement
units for several navigation applications [1].
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INCREASED UNCERTAINTY OF PROJECT'S COSTS IN
A SEQUENTIAL PROJECT

Stefan LYOCSA

Abstract: What is the effect of increased uncertainty of project costs, on a project's value? In this paper, we will address this
issue by modelling a sequential decision problem. By using a well known model, we will simulate an increase of uncertainty
of project’s costs and measure their impact on project's value. Two methodologies are used when calculating project’s costs:
a traditional net present value and a real options methodology. The latter will be analysed in more detail, because as was
already shown in numerous papers, this methodology addresses the observed reality much more closely than other

methodologies.

Keywords: uncertainty, real options.

1. INTRODUCTION

It is well known truth, that for calculating any
investment's value, a discounting of future
(expected) cash flow is needed. Around this fact, all
concurrent methodologies of calculating investment
value are based. One of the most analysed and used
is net present value (NPV).

It is a very easy to use methodology, which
simply discounts future cash flow by a defined
interest rate and subtracts initial capital investments:

CF;
NPV = ST, - ®
Where, CF; are future cash flows where the
index ¢t =1, 2, ..., T denotes time and / are initial
investments. The methodology has two assumptions,
which are often not understood, or not stressed when
using this simple formula to calculate investment's

value [1]:

o It assumes that either the investment is reversible,
that is, it can somehow be undone and that
expenditures (capital investments) recovered
should market conditions turn out to be worse than
anticipated.

o If the investment is not reversible, than it is a now
or never preposition, that is, if the firm does not
undertake the investment now (NPV <0), it will
not be able to in the future.

These two assumptions hold only for a very
small portion of investment opportunities. In this
paper, we assume that investment projects or
internal business project may be regarded as
investments. Further on, as it is usual, the decision
maker has ability to postpone his investment
decision. But this is not an important aspect in our
paper. More important is a fact, that NPV
methodology basically ignores, that decision makers
(manager) have right to abandon the project during
its implementation, if the market conditions, or other
value drivers change to be worse than anticipated.
This is often the case of project’s costs, which tend
to be higher than planned before starting a project.

In the second section of this paper, we will
introduce Huchzermeier — Loch [2] model for
valuing investments, with regard to our conditions
(we will assume only to option in each stage of the
project). In the third section, we will describe the
simulation, where we will increase the variability of
continuation costs and study their impact on projects
value. Finally, we will shortly discuss the
implications of this increase in uncertainty.

2. MODELLING THE DECISION PROBLEM

The two assumptions stated in previous section
are challenged in the theoretical framework of real
options theory. Basically the real options theory tries
to calculate a managerial option value, i.e. the option
to invest latter, or an option to abandon the project
during its implementation, an option to change valid
(critical) project parameters etc.

We have used a Huchzermeir — Loch [2] model,
which we have slightly changed, by subtracting an
option of improvement. The investment project is
divided into T stages (=1, 2, ..., T). At every stage
a manager (decision maker) has a choice to continue
with the project or to abandon the project. The
continuation is only possible, if he pays continuation
costs ¢(f). If the decision maker decided to abandon
the project, he will lose any chance to acquire future
pay offs, which are granted only after the last stage
of the project, i.e. 7. This is very often the case of
R&D projects long term investment projects or
safety improvement project [3]. Let’s assume that
project’s value is determined by a critical, one
dimensional parameter i. For example, if we are
selling goods and from a market and sensitivity
analysis we acquired important information, that the
profit is mostly determined by a market price (which
is a random variable, with an expected value). The
state of the project may be described be the level of
expected critical parameter i and the stage of the
project ¢, that is (i, #). The expected i represents
managers’ expectations of where the project will end
after the last stage of the project is completed.
Expectations over the i are changing over time. It is
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common to use a binomial approach to model the
changes of parameter i of the stages. If we denote j
the level of the parameter i in a next stage ¢ + 1, than
we are able to write the transitional probabilities as
follows:

%ak;e{:+f,...,:+%)

¥
savna kb

e

p =< 0-m .1
(] " ak_,rr.:(L .

) &)

0 in any other case

Visually we have described this process using
following figure 1. At the end of the last stage, as
mentioned before, the string of cash flows is
acquired according to the level of the critical
parameter. This is often modeled according to
a known distribution function. We will not describe
this process in further detail (see [2]). When using
real options framework, the future cash flows, or
capital expenditures are discounted using risk free
interest rate (with a corresponding time frame — for
example, for a project spanning 10 years a 10 year
treasury note's interest rate may be used). This is
different in comparison to NPV, where risk factors
are incorporated into discounting rate. Here, the risk
factors are represented by transition probabilities.
This decision problem may be now modelled as
a stochastic dynamic program, with recursive
solving methodology as follows:

ghandon, () )
'L’L.(t] = MAX v, pb’i_lir+ﬂ+l:1.-pfl|a’i_£[r+1." (3)
continue, —c(£) + 1 e i
abandon,
VT) = MAY Ts“.;-"_i[u;l_gii-u):l_i] @)
continue, —c(T) + —w‘r‘
d
N ..
- Probabilit
N y density
i of o
N
]_ —
v Probabilit
1-p .
— (7 density
1-p of 1 —=n
1)
t t+

Fig. 1 Transition probabilities [2]
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Where, 1 are representing payoffs, after finishing
the project, after stage 7, Vi(¢) value of the project at
stage t. They depend on the level of critical
parameter. For this purpose, we only mention, that
the higher the achieved level of critical parameter,
the higher will these payoffs be.

3. SIMULATIONS

We have run a simulation on a model from (3),
(4), with following initial conditions:
1. T=6 stages,
2. N=1 critical parameter variability,
3. r=1.08 risk free discount rate,
4. p=0.5 neutral expectations,
5. cl)=1, ¢2)=2,c(3) =4, c(4) =38, c(5) =20,
c(6) = 50.

The simulation was conducted as follows:

1. A new value for ¢(1) was calculated so, that the
overall project’s value was = 0. This new value
of ¢(1) had been regarded as an expected value
of a normal distribution, which was used when
simulation project costs.

2. Various levels of standard deviations were
assumed for the simulation of project’s costs for
c(1). Together, there were used six standard
deviations when generating pseudorandom
numbers of a normal distribution: 1, 2, 4, 6, 8§,
10.

3.  We have conducted 1000 iterations, so the same
amount of data for every simulation was
acquired.

4. The 1-3 steps were repeated for simulating
every continuation costs of the project.

It is very important to note, that we have
assumed, that there is no correlation between any
pair of continuation costs, nor dependence. The
results were evaluated independently of each
simulation run, where a run is a string of simulations
for every stage of the project.

4. DISCUSSION AND RESULTS

It is clear, that with higher variability of
continuation costs, we assume that these costs are
under higher uncertainty. This is a common
understanding, when discussing uncertainty of
economical parameters. Regardless of this issue, we
are well aware of the fact, that there are at least two
types of variability when it comes to the economical
effects. First, when the variability (manifesting itself
into the standard deviation) is due to the increase of
costs, that is mostly not a desired variability — we
may refer to it as a negative variability. Second,
when the variability is due to the decrease of costs,
that is mostly a desired variability — we may refer to
it as a positive variability. Therefore, it is very
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important, what kind of a distribution model is used,
when simulating economical parameters, like costs.
For the purpose of neutrality, we have used
a perfectly symmetrical distribution — normal
probability distribution, but other models may be
justified as well, for example a lognormal
distribution would be a fine choice too.

First of all, we have examined the value
calculated by real options approach and by an NPV
approach, which is basically the same, but without
the abandon option in equations (3), (4). On the
following figure 2, we arranged project values
according to the standard deviation, and
methodology, which was used. The first box-plot is
representing project values (ROT — real options
theory) when we have increased the uncertainty of
continuation costs in the first stage. The second box
plot represents the corresponding project value
calculated by using the before mentioned NPV
method. The first interesting issue is well known to

80

the academics. ROT has no negative value of < 0,
because when the conditions change, the decision
maker will not continue with the project, that means,
he will not spend any further money. Second issue
concern the fact, that when the uncertainty of costs
increases, projects uncertainty increases as well,
which is seen not only graphically on box plots, but
we have also recorded this result in a form of
standard deviations corresponding to the various
levels of costs uncertainty. Both conclusions are
known and documented and we have observed this
phenomenon when increasing the uncertainty of
costs for every other stage of the project. The
general conclusion is therefore, that the higher the
uncertainty of costs, the higher is the
underestimation of project’'s value by NPV
methodology, or the higher is the wvalue of
managerial flexibility (which can be defined as: ROT
—NPY).

BOX PLOT (EDA)- V(t=0) pri simulacii c(t=1)
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Fig. 2 Investment value, when increasing uncertainaty of cost in stage 1
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Histogram - increased uncertainty of costs in stage 1

O KRR

Fig. 3 Investment value (ROT) - histogram, without 0
values

Normal distribution.
Exponential distribution.

Lognormal distribution.

All simulation results (6 stages, 6 standard
deviations) have proven not to follow one of these
distributions. This was somehow surprising, because
a lognormal distribution is regarded as the most
appropriate distribution when it comes to model
expected returns. One example of a result for the
standard deviation of 10 of continuation costs for the
first stage is in the figure 4.

Probability Plot of Simulation results for stage 1 stdev 10
Lognormal - 95% CI
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Fig. 4 Typical probability plot for project values

When the uncertainty of project’s costs is high,
as was specified in our model, where the expected
value of a cost’s probability distribution function
was also the breakeven point, there are many cases
where the investment value is equal 0. This
contaminates the remaining data and it is difficult to
find a suitable probability distribution, which could
describe the behaviour of remaining investment
values.

On the figure 3, we have subtracted all 0 values
from simulations results. The distribution of project
values was than tested on three probability
distributions at o = 0.05:

Finally, we may conclude, that with rising
uncertainty of project costs, regardless of the stage,
where this uncertainty occurs, a rise in uncertainty of
project values is taking place, due to the increased
skewness of project values. This was observed at
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every stage. A new way of simulating is needed to
prove some newly raised questions as whether is it
better to have higher uncertainty of project costs in
the first stages, or is it better for the later changes.
This proved to be a scientific and methodological
challenged, which will be addressed in a future,
scientific work. When the weights of the edges are
specifien, as is in problems publishen in [7, 8], than
a similar simulation may be used.
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LOKALIZACIA V AD HOC SIETACH POMOCOU TECHNOLOGIE BLUETOOTH

BLUETOOTH BASED POSITIONING FOR AD HOC NETWORKS

Peter BRIDA, Radovan MATUSIK, Jan DUHA

Abstract: Mobile positioning will play very significant role in mobile services in near future. These services will be provided
in global geographic environment, i.e. outdoor and also indoor environment. The major utilization of Global Navigation
Satellite Systems is only in outdoor environment, because they are not able to work reliable in indoor environment. The
alternative positioning systems have to be used in these specific conditions. The alternative positioning system for indoor
environment is proposed in this paper. This solution is based on Bluetooth technology and ad hoc networks. This technology
is implemented in most of mobile devices and also in printers, etc. That was our motivation to design mentioned Bluetooth
localization system. Finally, the positioning system is based on basic proximity localization method and its modifications.

Keywords: positioning, indoor positioning, proximity localization method, Bluetooth, ad hoc network.

1. UVOD

Lokalizovat mobilné objekty v budovach je
relativne narocna tloha. V tychto priestoroch nie je
mozné pouzit globalne navigacné druzicové
systtmy (GNSS - Global Navigation Satellite
System), ktoré su vo vSeobecnosti povazované za
najspol’ahlivejSie a  najpresnejSie  lokalizacné
rieSenia. Pouzitie GNSS zlyhava na tom, Ze signaly
zo satelitov nedokazu preklenut’ prekazky akymi st
zelezobetonové steny alebo aj oknd. Preto je
potrebné vyuzit' alternativne spdsoby lokalizécie.
Medzi tieto sposoby mozeme zahrnuit lokalizaciu
pomocou bunkovych alebo ad hoc sieti. V nasom
prispevku sa budeme venovat' prave poslednej
skupine. Konkrétne sa venujeme lokalizacii
realizovanej na platforme bluetooth (BT), ktora je
ukazkova ad hoc siet. Ma Siroké aplikacné vyuzitie,
k ¢omu  prispieva  vysoka  obluba  medzi
pouzivateImi. V minulosti bolo navrhnutych viacero
roznych lokalizacnych systémov, ktoré vyuzivaju
prave technologiu BT [1, 2, 3, 4]. Nase rieSenie
spociva v navrhu vlastného lokaliza¢ného systému,
ktoré je zalozené na lokalizacii s asistencii mobilnej
stanice. To znamend, Ze mobilna stanica uskuto¢ni
potrebné merania, ich vysledky posle do servera na
spracovanie. Cinnost’ systému bola overena
v $pecifickych podmienkach.

Testované rieSenie predstavuje  jednoduché
a cenovo nenaro¢né rieSenie vhodné na lokalizaciu
vo vnutri budov.

2. BEZDROTOVE AD HOC SIETE

V bezdrotovych ad hoc sietach je komunikacia
medzi jednotlivymi uzlami realizovand pomocou
radiového kanala bez pouzitia pevnej infrastruktury
a centralizovaného riadenia. Ako typicky priklad
ad hoc siete si mdzeme uviest’ skupinu zariadeni
(notebookov,  telefoénov...), ktoré  vzajomne
komunikuju napr. prostrednictvom technologie BT.
Na obr. 1 je uvedeny priklad mobilnej ad hoc siete.
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Obr. 1 Mobilna ad hoc siet’

Ak st uzly medzi ktorymi prebieha komunikacia
v dosahu, tato komunikacia je realizovana pomocou
jedného skoku. V opa¢nom pripade, ak je medzi
komunikujucimi ~ uzlami  vzdialenost  ktora
neumoziuje  jednoskokovii  komunikaciu, je
vzdjomna komunikédcia realizovand pomocou
viacerych skokov. Z toho vyplyva, ze kazdy uzol
v mobilnej bezdrotovej ad hoc sieti zaroven plni
v pripade potreby funkciu smerovaca.

Dalsou délezitou vlastnostou je $pecificka
infrastruktura. Tieto siete nezavisia od vopred
zavedenej infraStruktiry alebo centralizovaného
riadenia. Kazdy uzol pracuje autonomne, spdsobom
spojenia bod-bod. Uzol mbze plnit funkciu
koncového wuzla alebo nezavislého tranzitného
smerovaca.

Pre topoldgiu takychto sieti je charakteristicka
dynamika, ¢o je sposobené pohybom jednotlivych
zuCastnenych uzlov, a teda komunikicia medzi
jednotlivymi uzlami sa neustale meni.

Mnohé uzly maju limitovani  kapacitu
napajacieho zdroja a nemaju schopnost’ generovat’
svoju vlastnu energiu. Tato vlastnost ma velky
vplyv na zivotnost siete aj druhy sluzieb, ktoré
poskytuje [5].

Bezdrotova ad hoc siet’ mdze pracovat’ na baze
niekol’kych Standardov, medzi ktoré patria viaceré
IEEE standardy. Je to napr. IEEE 802.11x, primarne
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pouzivany na budovanie WLAN (Wireless Local
Area Network) sieti. Dal§im prikladom je IEEE
802.15 Bluetooth. Obe technologie vyuzivaju
nelicencované ISM (Industry, Science and Medical)
frekvenéné pasmo v oblasti 2,4 GHz.

2.1 Technolégia Bluetooth

BT primarne sluzi pre domace a kancelarske
aplikacie (napr. prepojenie tlaciarni, pocitacov,
mobilnych telefonov, atd’.). Cielom technoldgie je
nahrada kablového spoja radiovym spojom. Radiové
viny v spominanom ISM pasme dokazu prenikat’ cez
vacsinu beznych prekazok, ako tehlovu stenu,
drevené konstrukcie atd. V dnesSnej dobe je BT
najCastejSie vyuzivana vo verzii 1.2, ktora je
implementovand v prevaznej vicSine modernych
zariadeni ako si mobilné telefony, komunikatory,
PDA, notebooky, MP3 prehravace a iné. Koncom
roka 2004 bola Specifikovand dalSia verzia 2.0,
ktora je spitne kompatibilnd s predchadzajicimi
verziami. Hlavnou zmenou bolo zavedenie
technologie EDR (Enhanced Data Rate), zvysenie
maximalnej prenosovej rychlosti a znizenie spotreby
[6]. Ocakavané zmeny vo verzii 2.1 su hlavne:
dalsie zvySenie prenosovej rychlosti, mozZnost
ziskania viacerych tdajov o zariadeni na druhej
strane spoja eSte pred potvrdenim priameho

spojenia,  dalSie  zniZenie  spotreby,  ktoré
sa ma udajne najviac prejavit’ na BT
klavesniciach a mysiach.

Doélezitd je kompatibilita. BT je jedna z mala
technologii, ktora vyrobcovia spolocne vyvijali
a spolo¢ne pouzivaju. Z toho dévodu su vsetky BT
zariadenia od akéhokol'vek vyrobcu kompatibilné.

Tab. 1 Vykonové triedy BT zariadeni

. Vysielaci vykon | Dosah
Trieda
[mW] [m]
Trieda 1 100 ~100
Trieda 2 2.5 ~10
Trieda 3 1 ~1

Hodnoty vysielacieho vykonu definuju jednotlivé
triedy a udavaji maximalny dosah pripojenia pri
danej urovni (tab. 1). Uvedené hodnoty dosahu st
iba teoretické, nakol’ko ich moéze ovplyviiovat
mnozstvo faktorov.

3. LOKALIZACIA V AD HOC SIETACH

Lokalizacia v bezdrotovych ad hoc sietach hré
vyznamnu ulohu v stvislosti s vyvojom novych
smerovacich protokolov pouzivajucich informacie
o znamej polohe uzlov v sieti.

Vo vseobecnosti lokalizacny proces pozostava
z troch Casti: identifikdcie a vymeny dat, merania
a zberu dat a vypoltov potrebnych na urCenie
polohy [7]. Spustatom procesu je prichadzajica
poziadavka na wurCenie polohy. Poziadavka je
generovana aplikaciou (sluzbou), ktora potrebuje pre
svoju ¢innost’ poznat’ polohu danej mobilnej stanice.
Na zéklade prijatej poziadavky lokalizacny systém
zozbiera (zmeria) tidaje potrebné na urcenie polohy.
Tieto udaje su bud’ priamo alebo nepriamo pouzité
vypocétovym algoritmom na urcenie polohy.

Lokaliza¢né metody je mozné vo vseobecnosti
rozdelit do dvoch zékladnych skupin, a to na
zaklade toho, ¢i dand metéda pouziva meranie
vzdialenosti alebo nie. V prvom pripade sa tieto
metddy v cudzojazyCnej literatire oznacuji ako
»~range based”, vopacnom pripade hovorime
o,range free® metdodach. Nepriame urCenie
vzdialenosti nie je jednoducha uloha. VéacSina
lokalizaénych metod pouzivanych v bunkovych
sietach je zalozena prave na urcovani vzdialenosti
medzi vysielacom a prijimacom. V bezdrétovych
ad hoc sietach je meranie vzdialenosti naro¢na
uloha. Nakolko s realizdciou tohto merania su
spojené potrebné investicie do zariadeni, energeticka
naro¢nost’, maly dosah jednotlivych uzlov, odstiva
to tato skupinu lokalizaénych metdd do ustrania,
a to aj napriek tomu, Ze tento typ metéd dosahuje
presnejsie vysledky.

Z dovodu prekonania problémov stvisiacich
s meranim vzdialenosti bolo navrhnutych mnoho
metdd nepouzivajicich meranie vzdialenosti. Tieto
metddy odhaduju  polohu uzla bud pomocou
susednych uzlov v dosahu alebo schopnosti
jednotlivych uzlov. Metddy nepouzivajiice meranie
vzdialenosti delime podl'a toho, ¢i sa v sieti
nachadzaju aj uzly so znamou polohou (,,reference
node based methods®), alebo takéto uzly v sieti nie
su (,,reference node free methods®).

3.1 Lokalizacia pomocou technolégie Bluetooth

Zakladny  predpoklad  Cinnosti  takéhoto
lokalizaéného systému je, aby lokalizované
zariadenie bolo vybavené technologiou BT. To
znamena, ze pomocou tohto lokalizacného systému
je mozné lokalizovat akékol'vek zariadenie
pouzivajice BT.

Néavrh architektary BT lokaliza¢ného systému je
znazorneny mna obr.2 a pozostava z troch
komponentov:

e lokalizované BT =zariadenie (LBTZ), t.]j.
zariadenie, ktoré nepozna svoju polohu,

e referencné BT zariadenie  (RBTZ), t. j.
zariadenie, ktoré v procese lokalizacie pozna
svoju polohu. Takychto zariadeni sa v tomto
systéme nachadza viac. Toto zariadenie moze
byt bud’ pevné alebo mobilné,
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e lokalizacny server (LCS) - riadi lokaliza¢ny
proces. Na zaklade nameranych tidajov vypocita
(odhadne) polohu lokalizovaného zariadenia.

0 @ LAN, WLAN.§

LBTZ RETZ LCS
Obr. 2 Architektara BT lokalizaéného systému

Jednou z moznosti ako vyuzit BT systém pre
lokalizaciu, je pouzitie informécii, ktoré nie st prili§
citlivé na zmeny, ako je to napriklad v pripade
arovne prijimaného signalu (RSSI - Received Signal
Strength Indication). V naSom pripade sme sa
zamerali na monitorovanie okolitych RBTZ
z pohladu konektivity, t.j. ¢i st zariadenie v dosahu
alebo nie. Informacie o urovni prijimaného signalu
su pouzité len ako doplnkové.
V ramci experimentov sme zvolili nasledovné
lokaliza¢né metody [8]:
e proximity method - PM*,
e _centroid proximity method - CPM*
»proximity“ s vypoctom taziska,
e _weighted proximity method - WPM*
»proximity s vypoctom vahovaného taziska.

Metoda ,proximity” (PM) je zakladna
lokalizaéna metéda. Princip tkvie vtom, ze
lokaliza¢ny server na zaklade nameranych udajov
o aktivnosti  referencnych  zariadeni v dosahu
lokalizovaného zariadenia a zmeranych hodndt
urovne prijimaného signalu v LBTZ od tychto
RBTZ zariadeni vyberie zariadenie, ktoré je
najblizsie k lokalizovanému zariadeniu.

Dve BT zariadenia su v dosahu, ak dokazu
nadviazat’ spojenie. Najblizsie referen¢né zariadenie
je to, od ktorého ma LBTZ najvyssiu hodnotu RSSI.

Finalny odhad polohy lokalizovaného zariadenia
je urobeny na zaklade najblizSicho referenéného
zariadenia, t.j. suradnice polohy najblizSicho
referencného zariadenia su priamo pridelené
lokalizovanému zariadeniu

[xLBTZ;yLBTZ]Z [xRBTZ;yRBTZ] ) (1)

kde [x1prz; yisrz]l su suradnice findlneho odhadu
lokalizovaného BT =zariadenia a [xgprz; Vrerzl st
suradnice najbliz§ieho referenéného BT zariadenia.

Lokaliza¢nu presnost’ tejto metody ovplyviuja
dva zakladné faktory: rozmiestnenie a hustota
referenénych zariadeni a tiez presnost merania
RSSI, ktora vplyva na vyber najbliz§icho RBTZ.
DetailnejSie  informacie si  uvedené medzi
vysledkami.
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Presnost’ metddy by sa mohla zvysit’ na zaklade
vysledkov uvedenych v [8], napr. pouzitim vécSieho
poctu referencnych zariadeni pri odhade polohy.

Metdda pouzivajica na odhad polohy viac LBTZ
sa nazyva ,,proximity* s vypoétom taziska (CPM).
Jej princip spociva vtom, ze zo sUradnic
N najblizsich referencnych zariadeni sa vypocita ich
priemerna hodnota podl'a nasledujuceho vztahu

[xLBTZ;yLBTZ]: {F;xﬁﬁg)’z} > 2

kde [x;;y;] st suradnice pouzitych RBTZ a N je
pocet RBTZ pouzitych na odhad polohy. V nasom
pripade N = 3. Poradie RBTZ je vyhodnotené opéat’
na zaklade merani RSSI. Tato metéodu je vhodné
pouzit najmd v oblastiach snie prili§ velkou
hustotou referenénych zariadeni. Nevyhodou metody
mdze byt nepravidelné rozmiestnenic RBTZ
zariadeni, ktoré by mohlo viest k nepresnému
odhadu polohy. Tato skutocnost mobze byt
eliminovand vahovanim prispevkov jednotlivych
referen¢nych zariadeni.

Posledna metoda, ktor sme implementovali do
BT lokalizacného systému, je prave zalozena na
pouziti vahovania pri vypocte priemernych stradnic
tzv. taziska. V dalSich castiach ju budeme
oznacovat WPM. Princip ¢innosti je znazorneny na
nasledujicom obrazku.

Viha |

Vstup 1 X\
o Odhad polohy

Viha 2 y

Vstup 2 z »
[X_torz v_iorz)
Vstup N
stup Vaha N

Obr. 3 Princip ¢innosti metddy ,,proximity* s vypoctom
vahovaného taziska - WPM

Na uvod procesu sa opit vytvori poradie
jednotlivych RBTZ na zéklade nameranej RSSI
Podla zostaveného poradia sa jednotlivym RBTZ
priradi vaha pri vypoéte odhadu polohy. Blizsie
RBTZ ma vyssiu vahu ako vzdialenejsie a vysledny
odhad polohy je realizovany podla nasledujuceho
vztahu

[xLBTZ S ViBTZ ] = [ixi W; (i w; ] ;iyi Wi (i w; ] ‘| (3)

kde [x;y] su stradnice pouzitych RBTZ a [w;]"
i=12,...,N st vstupné vahy. V nasom pripade
N =3. Hodnotu vahovaciecho vektora sme zvoli na
zéklade [8] nasledovné [w;]" =1[6; 3; 1]". Takymto
sposobom by sa mal odstranit’ vplyv nevhodného
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rozmiestnenia RBTZ na lokaliza¢ni presnost’
a pouzitie systému sa rozsiri aj na nehomogénne
siete.

Vykonnost’ lokalizaénych metéd sme hodnotili
pomocou strednej kvadratickej chyby RMSE [m],
ktora je mozno vypocitat pomocou nasledujiiceho
vzt'ahu

RMSE = \/(xr —XLB1Z )2 + (yr —YiB1Z )2 4

kde [x,; y,] s suradnice realnej (presnej) polohy a
[x1877; ViBTZ] su odhadované suradnice
lokalizovaného BT zariadenia.

Na nasledujuicom obrazku je znazorneny
vSeobecny proces lokalizacie BT zariadenia.
V pripade, ak sa chce LBTZ lokalizovat, vysle
lokalizacnt poziadavku do lokaliza¢ného servera, a
to bud’ prostrednictvom RBTZ, ktoré ma v dosahu,
alebo prostrednictvom priameho spojenia s LCS.
Odpoved’ou LCS na prijata lokaliza¢nu poziadavku
je vygenerovanie poziadavky zo strany LCS. Téato
poziadavka je naopak adresovana LBTZ. Cielom
poziadavky je zistit zoznam vSetkych RBTZ
zariadeni v dosahu azmerat tGrovne prijimanych
signalov od okolitych RBTZ, ktoré ma dané LBTZ
v dosahu. Data st zmerané v LBTZ anasledne su
poslané do LCS na spracovanie. Spracovanim
zmeranych dat pomocou lokalizacnych metod sa
odhadne poloha LBTZ. Tato informacia je dorucena

do LBTZ.
.@ U
RBTZ LBTZ LCS

Lokalizaéna poziadavka

Kontaktuj RBTZ v dosahu

Kontakt RBTZ v dosahu + ’
_JCLI'ifLiL‘iLI potrebnych RSSI merani
Potvrdenie aktivity + siradnice polohy RBTZ + vysledky RSSI merani

Oxdhad polohy LBTZ

Obr. 4 Lokaliza¢ny proces

Navrhnuty BT lokalizacny systém v pracuje
s tromi lokalizaénymi metédami z dévodu overenia
¢innosti a vyberu najvhodnejsej metdédy pre buducu
implementaciu. 'V budtcnosti  systém  nebude
pracovat so vSetkymi metodami, ale len
s najvhodnejSou metodou.

4. TESTOVACIE PROSTREDIE

Testovacie experimenty boli realizované vo
vnutri budovy, konkrétne na Katedre
telekomunikacii a multimédii, Elektrotechnicke;j
fakulty Zilinskej univerzity. Zvolené prostredie
dostato¢ne vystihuje redlne podmienky, v ktorych by

sa mohol takyto lokalizacny systém pouzivat’ (pozri
obr. 5).

Rozmiestnenie referencnych zariadeni BT nie je
znazornené na obrazku, ale dolezité je poznamenat’,
ze RBTZ boli rozmiestnené v miestnostiach.
Vzajomna vzdialenost medzi RBTZ nebola vicsia
ako 4 m. Vo vicsine pripadov pripadalo na kazdu
miestnost’ jedno zariadenie. Na chodbu sme RBTZ
neumiestnili, pretoze chodba by pracovala ako
vlnovod a podmienky Sirenia by sa absolutne liSili
od  podmienok  Sirenia  vpripade RBTZ
umiestnenych v miestnostiach.

T T 1T
RN

Obr. 5 Testovacie prostredie

Pocas vSetkych experimentov bol vzdy pouzity
rovnaky pocet RBTZ. Jednotlivé RBTZ boli pocas
kazdého experimentu statické, t.j. nemenili svoju
polohu, ale prikazdom experimente sa menila
konfiguracia ich rozmiestnenia. Merania boli
realizované pri piatich réznych konfiguraciach
rozmiestnenia RBTZ (A-E). Jednotlivé
konfiguracie sa od seba liSili tym, ze bola zmenena
poloha RBTZ vramci miestnosti. Podmienka
maximalnej vzdialenosti (4 m) medzi RBTZ bola
dodrzana. Pre kazdu konfiguraciu sme realizovali
100 nezéavislych merani v roéznych castiach
testovacicho  prostredia.  Vysledkom  kazdého
merania bola lokalizdcia LBTZ podl'a kazdej metody
anasledne vypocet lokalizaénej chyby RMSE.
Namerané hodnoty boli nasledne Statisticky
spracované.

Délezité je poznamenat, Ze meranie na kazdej
pozicii trvalo 10 sekind. V ramci tohto casového
useku boli zmerané udaje pre vSetky metody.
V ramci merania RSSI bolo zmeranych viacero
okamzitych hodnot RSSI pre konkrétne zariadenie.
Z tychto hodnét bola vypocitana priemerna hodnota
RSSI, ktora bola d’alej pouzivana. Tymto sposobom
sme limitovali vplyv odrazov na presnost’ merania.

V nasledujucej kapitole st uvedené dosiahnuté
vysledky.

5. DOSIAHNUTE VYSLEDKY
Ako bolo vyssSie spomenuté, lokaliza¢ny systém

pouziva informécie o Urovni prijimaného signalu
ako doplnkové informacie, preto sme na uvod
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v zavislosti  na
zariadeniami BT

monitorovali  zmeny  RSSI
vzdialenosti medzi dvomi
(vysiela¢om a prijimacom).

Na obr.6 je znazornend zavislost trovne
prijimaného signalu na vzdialenosti. Uvedené
hodnoty RSSI su spriemerované zo 100 nezavislych
merani realizovanych pri tych istych podmienkach,

pretoze hodnoty RSSI znaéne kolisali [9]. Uroveii
bola stabilna iba vo vzdialenosti od cca. 1 do 3 m,
¢o je sposobené samotnym princip ¢innosti BT.
V tomto pripade sa jednd o riadenie vysielacicho
vykonu [6]. Riadenie vykonu je v naSom pripade
skor nevyhodou, pretoze moze viest k nepresnym
informaciam.

Tab. 2 RMSE v zavislosti na konfiguracii rozmiestnenia RBTZ

RSSI [dB]

Vzdialenost’ [m]

Obr. 6 Urovei prijimaného vykonu v zavislosti na
vzdialenosti medzi dvoma BT uzlami

Z uvedenych vysledkov vyplyva, Ze nie je
vhodné pouzit RSSI ako hlavny parameter na
urcenie polohy z dovodu velkého rozptylu hodndt.
Rovnako  pouzitie tychto  informacii  ako
doplnkovych je diskutabilné, ale v tomto pripade sa
javi ako vhodny doplnok.

Dalsie experimenty boli venované priamo testovaniu
presnosti BT lokalizaéného systému. Ziskané
vysledky st uvedené v

tab. 2. Parameter p [m] je priemerna hodnota
RMSE vypocitand zo 100 nezavislych merani
a parameter ¢ [m] je Standardna odchylka .

Najmenej presné vysledky boli dosiahnuté
pomocou zakladnej ,,proximity” metddy, priemerna
lokaliza¢na chyba sa pohybovala medzi hodnotami
2,9+3,7m. Vpripade CPM boli dosiahnuté
presnejsie vysledky, ako pri pouziti zakladnej
metddy. Priemerna lokaliza¢na chyba sa pohybovala
v intervale 1,9 + 2,5 m. Najpresnejsie vysledky boli
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. »Proximity* ,»Centroid Proximity* ,» Weighted Proximity*
Konfiguracia PM CPM WPM
rozmiestnenia

RBTZ RMSE[m]

p [m] o [m] p[m] o [m] p[m] o [m]

A 3,1 1,5 2,4 1,1 1,7 1,2

B 3,6 1,7 2,0 1,3 1,6 1,0

C 3,2 1,7 2,5 1,4 1,9 1,5

D 2,9 1,6 1,9 1,2 1,5 1,4

E 3,7 1,8 2,5 1,6 1,7 1,6
Priemerna RMSE 3,3 1,66 2,26 1,32 1,68 1,34

dosiahnuté  pomocou ,najsofistikovanejSicho™

skimaného rieSenia, t. j. pomocou metody WP.
Dosiahnuta lokaliza¢na chyba bola v intervale
1,5+ 1,9 m. Na zaklade dosiahnutych vysledkov je
mozné tvrdit, Ze rozmiestnenie referenénych
zariadeni ma vplyv na lokalizacnli presnost, ale
omnoho vacsi vplyv ma pouzitd lokaliza¢na metoda.

Ziskané vysledky potvrdili predpoklady, ze
pouzitie viacerych referenénych zariadeni BT pre
lokalizaciu zvysi dosahovanu lokaliza¢nl presnost.
Rovnako sa potvrdili predpoklady aj v pripade
vahovania prispevkov od jednotlivych RBTZ
pouzitych pre vypocet polohy.

6. ZAVER

V prispevku  bola  navrhnutd  architektira
jednoduchého a relativne presného lokalizacného
systému pouzivajiceho technoloégiu Bluetooth na
lokalizaciu. Lokaliza¢né rieSenie je centralizované,
t. j. LCS riadi cely proces. Zaroven je dolezité
poznamenat’, ze sa jednd o lokalizaciu s asistenciou
lokalizovaného zariadenie. Potrebné tdaje su sice
namerané v lokalizovanom =zariadeni, ale nasledne
su poslané do lokalizaéného servera, kde je z tychto
dat vypocitana poloha zariadenia.

Zakladna metdoda sice dosiahla najmensiu
presnost’, ale na druhej strane ma najmensie naroky
na pouzity hardvér a dalSie spracovanie. Z toho
vyplyva, Ze pri vybere najvhodnejSej metody je
potrebné  zvazit dolezity faktor, ktorym je
lokaliza¢na presnost’, pozadovana danou
lokalizacnou sluzbou.
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Summary: The positioning system based on Bluetooth
technology for indoor environment has been proposed in
this paper. Basic proximity localization method and its
two modifications were implemented to the positioning
system. The system capability has been verified in real
indoor environment. The best positioning results have
been obtained by means of weighted proximity method.
The positioning error was 1,68 m in this case.
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HOW TO COPE WITH TERRORISM: CALL FOR CHANGES

Pavel NECAS

Abstract: After 9/11, global terrorism has become one of the major topics of today’s political agenda. Reaction to global
terrorism led to the US “War on terror” and various actions across the world that rarely seem to be coordinated or even on the
same page. No issue has more pointedly divided the West in 21st century war than the perception of terrorism. [ As we will
see, the global nature of terrorism provides unique challenges to states, organisations and individuals.

The current approach dealing with global terrorism does not appear to be sufficiently effective. Existing and developing
threats require different approaches to counter the spread and impact of terrorism, which posses the question: Is a Change

Needed in the Approach to “Fighting” Terrorism?

Keywords: terrorism, approach to cope, different instruments of power, comprehensive approach, international cooperation,
communication lines, identification of the roots, International Organizations, effect based approach to operations,

complementarity, effective impact.

Introduction

There is an old saying that “actions speak louder
than words,” and actions are the emphasis of this
article. A variety of measures are needed to
effectively deal with global terrorism in a
comprehensive manner. We will propose eight
distinct actions in the following areas: international
cooperation, developing a common picture,
diplomatic measures, law enforcement and justice,
communications and the roots of terrorism.

Nations define terrorism differently and have
different ways of responding to it: different cultural
values, different legal standards and different
approaches to human rights. We may never fully
agree on who is a terrorist, or how to fight them, but
we cannot deal with global terrorism unless we
cooperate.

Proposed Actions: International Cooperation

The development of better instruments for global
counter-terrorism cooperation, within a legal
framework respectful of civil liberties and human
rights, is an essential component of an inclusive
response to terrorism. No nation, no matter how
powerful, can make itself invulnerable to today’s
threats by its efforts alone. ‘“National defence and
response capabilities are critical to counter terrorism
but they cannot be enough.”®! Every nation requires
the cooperation of other nations to make itself
secure.

Proposal  #1: The main International
Organizations (IOs) with the common willingness
and capacity to combat terrorism are NATO and the
EU. The challenge is to increase cooperation
between them while avoiding excessive overlap.
NATO and the EU have tried to go as far as possible
within their field of competencies in the fight against
terrorism. NATO, for example, is developing civil
emergency planning capacities, and intelligence
sharing. At the same time, the involvement of the

32

EU (ESDP, actions against WMD, intelligence, etc.)
should increase in the coming years. Both military
and civilian actions are essential to tackle the
complex and vital issue of terrorism. But, as both
organizations enhance their measures, the chance of
overlapping or duplication increases if a better
coordination is not conducted. Thus, the
development of better information exchange and
coordination, on a more permanent and
comprehensive basis, must be pursued at all levels of
NATO and the EU.

Proposed Actions: Common Picture

Proposal #2: To effectively counter terrorist
groups, we must all share the same vision of the
enemy, and the picture must be a sharp. More than
2500 years ago, Sun Tzu stated, “If you know the
enemy and know yourself, you need not fear the
results of 100 battles.”™ Today it is more valid than
ever. Looking at it from an opposite view, it
translates that if you cannot properly define your
enemy, your actions will be less effective. We
cannot afford this in dealing with terrorism. Better
defining of, and common agreement on, terrorist
organizations and the use of these definitions and
insights will allow a more effective approach to the
phenomenon.

When we act against terrorism as an enemy, the
definition is not intended just to reach “academic” or
“multinational consensus,” or to encompass the
entire terrorist phenomenon. The meaning of
“defining” in Sun Tzu’s statement refers to
identifying the main features of the opponent, deeply
explored and exploited in order to come up with the
main weak points. These are then transformed into
action lines, and an acting strategy. For example,
from the Al-Qaeda definition relevant words which
might be better used when establishing the
approaching strategy to counter it are “a radical
Sunni Muslim organization,” the “creation of a new
Islamic caliphate.” “A radical Sunni Muslim
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organization” means that it is not, and should not be,
specific for all of Islam. The relation between
ideology and religious purposes of the terrorist acts
carried out by Al-Qaeda perpetrators is also
important. We must understand and underline that
the Al-Qaeda theory is based on an ideology, and
not on the Islam religion. Using religious words and
issuing fatwa’s to justify killings Americans, but
also Muslims innocents, does not transform either
bin Laden or Al-Zawahiri into a religious leader.
Neither one possess the traditional Islamic scholarly
qualification to issue a fatwa of any kind." Al-
Qaeda’s approach as an ideology will stray from its
religious base, causing a loss of support and
connection with the common Muslims, followed by
a lack of safe havens and recruits, as is happening in
Iraq of late.

Proposed Actions: Diplomatic

To effect actions, nations and organizations must
use their political means to set and distribute policies
and goals. This is necessary both internally and
external to the organization. Deterrence is one
diplomatic tool that is based on communicating
policies.

Proposal #3: Nations must examine the
possibility to deter terrorist attack with WMD.
Deterrence seems irrelevant against individuals or
organizations wanting to inflict the maximum of
casualties, and able to use suicide tactics. But, at the
same time the access to WMD should require the
direct support of a state. Thus, the way to prevent
this support should be pursued by developing the
technology to find the source of any attack, as well
as better international cooperation and intelligence
sharing. If properly communicated and credible, this
policy could greatly complicate the access and use
of any WMD by terrorists."’

Proposal #4: Other diplomatic efforts should be
increased among moderate nations and religious
organizations as well. The message of moderate
religious leaders must be widely disseminated.
Several of these leaders purport in “Islamic
Statements against Terrorism” that all Muslims
should be united against all those who terrorize
innocents, and who permit the killing of non-
combatants. Islam has declared the spilling of blood
and the destruction of property as absolute
prohibitions. It is necessary to apprehend the true
perpetrators of these crimes, as well as those who
aid them through incitement, financing or other
support. They must be brought to justice in a court
of law and punished appropriately. It is the duty of
all Muslims to participate in this effort with all
possible means.

Proposed Actions: Law Enforcement/Justice

Proposal #5: We must also consider the
cooperation between regional and 10s as well as the
integration and cooperation of the various law
enforcement and criminal justice agencies. Just as
global terrorist acts do not respect state borders,
counter terrorism measure must be legitimate and
able to answer globally. Actual investigation and
operations against terrorism are currently state tasks,
and existing 1O0s, like Interpol or Europol, are
limited to organizing cooperation and information
sharing between members. They are not
internationally legitimate, nor do they have
capabilities to act against terrorist groups.

Interpol, an 10 with more than 500 employees,
has already started to build a network to support
state activities against terrorism. Interpol’s “Fusion
Task Force” collects, stores, analyses and exchanges
information, coordinates the circulation of terrorism
alerts and warnings, and assembles reports on other
crimes that may be linked to terrorism. These
include suspicious financial transactions, weapons
trafficking, money laundering and seizure of
nuclear, biological or chemical material. It also
provides assistance to member countries in case of
terrorist attacks.

Interpol has wide experience in the fight against
crime and terrorism, and is able to concentrate
capabilities and knowledge to build a multinational
terrorism task force. The first step in creating a
“Task Force” is to provide legitimacy under
international law to fight terrorism, in cooperation
with state institutions, across national borders. The
UN must do this action, as it is the main grantor of
international legitimacy. The next step is to support
Interpol in building its investigative and operational
capabilities.

Building such a Task Force will also strengthen
state capabilities, because they are able to use an 10
with experience and acceptance. Cross-border
operations will be legitimate by international law
under the UN Charter. States are then able to accept
and support cross-border operations on their own
territory, because these operations are in accordance
with international law. This will fortify the struggle
against terrorism.

Proposed Actions: Communications

Communications inside networks are
a precondition of the efficient functioning of an
organization. Though it is possible that single cells
do not communicate with each other and attack
randomly, the best results are achieved if there is
coordination on targets and in time (principles of
war: objective and mass). There is a need to use
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technology mainly for data exchange, especially the
exchanging of ideology, training programs and
information about the enemy. Communication can
be provided via networks or point-to-point, and the
means are characterized by transmitting via radios or
using physical means like wire or glass fiber.
Commercial techniques will probably be used to
encrypt transmissions, because the development of
individual encryption systems is complicated and
costly requiring much expertise.

The use of the Internet is booming, and today
more than 1.2 billion users are active.'” In 2003,
more than 60 states tried to obtain or deny
information on the World Wide Web through active
or passive measures. The success is not evident, but
it is probable that nations have the resources and
technological capabilities to intervene if it is in their
interests. As a consequence of the 9/11 attacks, the
US administration planned to install a broad
monitoring of the Internet and, potentially,
surveillance of its users.

Proposal #6: Since the Internet is characterized
by immense data flow and complex assessments of
the relations between users, the analysis of
communications using other methods is also
necessary. It is technically possible that potential
actors can monitor the transmission of data. A
major problem is to analyze the data in a way to get
timely and accurate results.”) To achieve this target,
more than hardware and software are necessary;
there will always be the need for human intelligence
to evaluate the “rest” the data and to provide
a “second check”. This huge task can only be
achieved if there is cooperation between states on
the basis of trust and task sharing. NATO should
provide such an organizational framework because
of its expertise and capacity to accomplish these
tasks with confidence.

Proposal #7: Communication is also needed to
reduce the effect of terror. The first aim of the
terrorist is to create an indirect impact. Statistically
it is not a major threat, as the chance of dying in
a terrorist attack is extremely low, nowhere close to
the chance of being killed in a car accident. The
“real cost” of terrorism is far lower than the fear and
consequent reactions it inspires. The situation is not
so bad, with just a few major attacks in Western
countries compared to what could be; this is no
“major threat.”

Nations should focus on the “mostimportant
effect” of terrorism, psychological strain, by
reducing fear and anxiety as much as possible. They
should avoid excessive warnings and overreactions.
The most common reaction to terrorism by media
and politicians is the stoking of fear and the
encouragement of overreaction. As the creation of
insecurity, fear and anxiety is central for terrorists,
one way to “disarm” them is to not become terrified,
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to not overreact and to develop a policy of positive
communication.™

Proposed Actions: Roots of Terrorism

Proposal #8: Some pundits proclaim that we
make more terrorists with military action than
originally existed. To address this concern, we must
developed concepts and doctrine to minimize
collateral damage (CD) and civilian casualties.

NATO should codify a CD reduction procedure
and doctrine. It is a complicated and sensitive issue,
since it is very difficult to fight terrorists who hide
themselves among the civilians. However, each
time NATO forces inflict unexpected civilian
casualties it undermines the support of the local
population and strengthens the roots of terrorism.
As a result, tactical success can lead to an
operational defeat, as in several Afghanistan
examples. Each nation must try to take CD into
account in its rules of engagement. NATO should
contribute with the sharing of best practices and the
adoption of common procedures in order to reduce
and manage these events. Examples are development
of rules of engagement especially for air support and
an aggressive communication policy for CD events
in order to limit the reasons for anyone to become
a new terrorist.”’

Without clear action in the future, terrorism will
continue to have a significant impact on our
societies. We recommend swift action by nations
and IOs in the areas of international cooperation,
developing a common picture, strengthening
diplomatic measures, law enforcement and justice,
communications, and the cutting of the roots of
terrorism. Together, with these wide-ranging efforts
we can effect a substantial reduction in the
effectiveness of terrorists and their organizations
against world civilization.

Conclusions

As we examined in this article, the global nature
of terrorism today provides many unique challenges
to  states, organisations and  individuals.
A comprehensive look at the baseline information of
terrorism, the current situation, and current actions
by International Organizations and states against
terrorism showed that the current approach to
dealing with global terrorism is not sufficiently
effective. We must conclude that a change is needed
in the approach to fighting global terrorism.
Existing and developing threats require a new “set of
tools for the toolbox” and a greater degree of
international cooperation.

We  proposed a  comprehensive  and
complementary set of approaches including
international cooperation, building a common
picture of terrorism, diplomatic, law enforcement
and justice areas, communication efforts, and
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methods to deal with the roots of terrorism. It is not
a “war on terror,” but an unrelenting struggle to
reduce fear within the population. We cannot
eradicate terrorism, but we can do our utmost to
limit its negative effects. This can be best achieved
by increasing international cooperation and
undertaking the proposed comprehensive measures.

Without clear action in the future, terrorism will
continue to have a significant impact on our
societies. We recommend swift and robust action by
nations and IOs in the identified areas in order to
“take the terror out of terrorism.”
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METODY LOKALNEHO PRAHOVANIA

LOCAL THRESHOLDING TECHNIQUES

LCubo§ AUGUSTIN, Milan LEHOTSKY, Jozef STULRAJTER

Abstract: Thresholding is one of useful techniques of image segmentation. Its goal is to localize significant parts of image.
There are many thresholding algorithms. However we can divide them into six categories: histogram methods, clustering
methods, entropy-based methods, object-attribute methods, spatial and local methods. The contribution describes most
popular local methods. Also the algorithms are given in image algebra expressions. Finally, the new local technique is
presented. The proposed technique is suitable for images which histograms are not bimodal. It’s based on searching
maximum absolute value of averaged discrete derivations in a small pixel’s neighbourhood. Output image is binarized in

sense of significant variation of intensity image function.

Keywords: image thresholding, thresholding techniques, edge finding, local properties.

1. UVOD

Prahovanie je jedna z najpouzivanejSich technik
segmentacie obrazu. Jeho ucelom je oddelit
nevyznamné Casti vstupného obrazu od tych, ktoré
su signifikantné pre d’alsie spracovanie. Vstupom do
procesu prahovania je najcastej§ie obraz s 256
odtienmi Sedi, ktory je aplikaciou prahovacej
techniky transformovany na binarny vystup zlozeny
z dvoch disjunktnych oblasti — objekt a pozadie.

Mnoho prahovacich algoritmov vyuziva pre
ziskanie optimalneho prahu Statistické vlastnosti
vyskytu jasovych tirovni vo forme jednorozmerného
histogramu (histogramové, entropické a klastringové
techniky).  Pravdepodobnost  vyskytu dvojice
jasovych trovni susednych pixelov realizovana
dvojrozmernym histogramom je nosnou ideou pre
priestorové  metody. Atributové techniky sa
zameriavajl na  porovnavanie  kompaktnosti
vstupného a vystupného obrazu, vySetrovanie
korelacie hran originalneho a binarizovaného
obrazu... Nevyhodou je, Ze optimalny prah je
urCovany globalne pre cely obraz, co Casto vedie
k nesprdvnemu  urCeniu  vystupného  atributu
»pozadie/objekt®.

RieSenim je pouzitie tzv. lokdlnych metod
prahovania.

2. LOKALNE PRAHOVANIE

Lokélne metoédy prahovania su charakteristické
tym, ze optimalny prah je determinovany lokalne pre
kazdy obrazovy bod (angl. picture element - pixel)
v zavislosti od vlastnosti jeho okolia. Vyhodou
pouzitia niektorej zlokdlnych metéd je, ze su
uspesné ipri znane zaSumenych obrazoch.
Uspokojivé  vysledky st dosahované aj pri
variabilnosti a zlozitosti sucasnych obrazov. Ich
histogramy su zlozité a pouzitie nelokalnych metdd
predpokladajiucich ~ bimodalitu ~ vedie  casto
k nespravnemu urCeniu  optimalneho prahu
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a k zlyhaniu segmentacného procesu. Lokalne
metddy eliminuju influenciu Statistickych vlastnosti
obrazu a binarizacia je zavisld na jasovej funkcii
pixelov okolia.

Problémom pri pouziti uvazovanych metod je
spravna volba parametrov, ako je najmid velkost
okolia uvazovaného bodu, ale i korektné nastavenie
parametrov vyzadovanych zvolenou metddou. Tieto
parametre st urcované empiricky — na zaklade
predchadzajicich skusenosti, alebo automaticky —
vyuzitim a priori Statistickych vlastnosti vstupného
obrazu (priemerna hodnota jasovej funkcie,
Standardna odchylka...).

Je nutné poznamenat’ spojitost’
charakterizovanych metod s metddami detekcie hran
a vyhladavania obrysov objektov (angl. edge
detection and boundary finding). Marr[1] vo svojej
teorii  objasnil, Ze z hladiska Kklasifikacie
a porozumenia scéne nie je dolezity vlastny priebeh
jasovej funkcie, ale jej smerové derivacie. Ak je
zmena jasovej funkcie v okoli uvazovaného pixelu
vyznamnd, jeho vystupny atribut sa nastavi na
,»objekt“, inak na ,,pozadie®.

Pouzitie lokalneho pristupu pri separovani
podstatnych Casti v obraze (angl significant
features) ma za nasledok odliSny vyznam pojmu
»objekt”, ako je to unelokalnych metod. Cielom
nelokalnych technik je najst’ jedind hodnotu —
optimalny prah, ktora diferencuje obraz na dve
oblasti. Pixely, ktorych hodnota jasu je mensia ako
vypoc€itany prah, tvoria ,objekt“. UvaZovanie
lokalneho vypoctu prahovych hodnot anaznacena
spojitost’ s hranicami a obrysmi vyznamnych casti
implikujii pod pojmom ,,objekt” rozumiet’ dolezité
Casti obrazu v zmysle Marrovej teoérie. Dosiahnuta
redundancia dat pri zachovani vierohodnosti obrazu
ma velky vyznam pre dalSie automatické
spracovanie obrazu metddami pocitacového videnia.
Invariantna klasifikdcia aplnad trojdimenziondlna
reprezentacia scény su ulohy, korych rieSenie moze
vhodne utilizovat’ obrazy ziskané lokalnym
prahovanim.
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Obrazky 1 — 6 ilustruji vyznam lokalnych
metod.

IS
Obr. 4 Aplikacia
Whiteovej metody

Obr. 2 Aplikacia
Rameshovej metody

Kamelovej metody

AL :
Obr. 6 Aplikacia
navrhovanej metody

Obr. 3 Aplikacia
Lloydovej metody
Obrazok 1 znazoriuje vstupny obraz. Obrazky 2
a3 zobrazuju aplikdciu Rameshovej[2], resp.
Lloydovej[3] metédy na vstupny obraz. Obrazky 4,
5 a6 znazoriuju obrazy, ktoré st vysledkom
transformacie pouzitim lokalnych metdd prahovania.
Porovnanim vysledkov prezentovanych technik je
mozné usudzovat’, ze na uvazovany obraz je vhodné
pouzit’ lokélne prahovanie. Whiteova a Kamelova
technika zvyraznuji detaily obrazu. Navrhovana
technika eliminuje nevyznamné casti v obraze
a zvyraziuje obrysy objektov.

2.1 Kamelova metéda

Hlavnou myslienkou metédy  navrhnutej
Kamelom[4] je porovnavat priemernu hodnotu
jasovej funkcie oblasti predom urcenej velkosti
(sirka znaku, ocakavana velkost objektu...) s
hodnotou jasovej funkcie uvazovaného bodu. Ak je
tento rozdiel vacsi ako vstupny prah 70, obrazovy
bod sa stava vhodnym kandidatom na priradenie
atributu ,,objekt”. Nech:

a(i,j) je vstupny obraz,

ave,(i,j) obraz priemerov cez okolie w,

b(i,j) vystupny binarny obraz,

w Sirka okolia, w=2b + 1,
T0  vstupny prah,
L(a(i,j)) funkcia definovana predpisom

L(a(la_])) = 19 ak [avew(ioj)_a(iaj)]>T07
= 0 v ostatnych pripadoch.

Vystupny obraz je konStruovany na zaklade
rovnice
b(i,j) = 1 prave vtedy, ked’

[L(a(i+b,j)&L(a(i-b,j))] (Ifll [L(a(ij+b))&L(a(ij-b))]
[L(a(i+b,j+b))&L(a(i-b,j-b))] || [L(a(i-b,j+b))&
L(a(i+bj-b))].

Kamelova metéda vyuziva pre ziskanie
lokalneho prahu tzv. vyhladené smerové derivacie
jasovej fukcie (angl. smoothed directional
derivations). Povodne bola navrhnuta predovsetkym
pre segmentaciu textovych dokumentov. Pouzitim
vhodnych parametrov 70 aw je mozné dosiahnut’
vynikajuce vysledky i pre znacne zloZitejSie obrazy.

2.2 Whiteova metoda

Vypoctovo jednoduchSou, no nemenej ucinnou
metddou je Whiteova metdda[5]. Je zalozena opit’
na porovnani hodnoty jasovej funkcie v obrazovom
bode s priemernou intenzitou jasu jeho okolia. Ak je
bod vyznamne tmav$i od svojho okolia, bude
klasifikovany ako ,,0bjekt*. Metéda vyuziva dva
parametre — Sirku okolia bodu atzv. bias hodnotu,
ktora ma rozhodujiici vyznam pri binarizacii.
Binariza¢né pravidlo mozno popisat’ rovnicou:

b(i,j) =1, ak ave,(i,j) < a(i,j)*bias.
= 0 v ostatnych pripadoch.

Vyznam pouzitych symbolov je identicky
so symbolmi v Casti 2.1.

2.3 Navrhovana metéda

V navrhovanej metéde je lokalny prah
determinovany na zaklade dvoch parametrov:
1. sirka okolia bodu w,
2. prah 70.
Technika je realizovana v 3 fazach:
- l.faza — pre kazdy obrazovy bod je vypocitana
priemerna hodnota jasovej funkcie z jeho okolia,
- 2.faza — pre takto upraveny obraz je pocitané
maximum absolutnej hodnoty diskrétnej derivacie
a’:
a’ =max(vl,v2,v3,v4), kde

vl = abs(ave,(i-1,j) - ave,(i+1,))),
v2 = abs(ave,(i,j-1) - ave,(i,j-1)),
v3 = abs(ave,(i+1,j+1) - ave,(i-1,j-1)),
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v4 = abs(ave,(i-1,j+1) - ave,(i+1,j-1)).
- 3.faza — vystupny obraz b je determinovany
z obrazu a’ pomocou parametra 70 podl'a pravidla:
b =1, ak a’(i,j) > 70,
= 0 v ostatnych pripadoch.

3. POROVNANIE LOKALNYCH METOD

Vhodnost' pouzitia navrhovanej techniky bola
realizovana pre 3 druhy obrazov — dokumenty,
portréty a obrazy vojenskej techniky.

Stateflow” lets you quickly develop graphical models
of eveni-driven systems using finite state machine
concepts, statechart formalisms, and flow diagram
notation. New features in Stateflow 4 include:

* Temporal logic to simplify event scheduling

* Subcharts to create layers within your Stateflow diagrams
* Graphical functions to make defining functions easier

* Optimized standalone code with Stateflow Coder 4

Obrazok 7 Vstupny text

Stakflow* lats you quickly develop graphical models
of avant-drivan systems using finite stale mochine
concepts, siutechort formalisms, and flow diagrom
notation. Mew featuras in Stataflow 4 induda:

» lemparal logic do simplify event scheduling

s Subchoris do ereote layers within your Statefow diograms
*» Graphical functions fo make defining funclions easier

» Optimized standalone ¢ods with Statellow Coder 4

Obrazok 8..Aplikacia Whiteovej metody

ShmeFlioma® bk yow guocky dueesson groipheeo mocies

of emenk i noan g psimee g Funive sacihe mececume

eritmpi, ssciupcher? foemodisima, o o ducgieomm
i, Faier b toews an SacieFiocee & oo,

* ool dorue M SRy moeced wbesohuiag

* Dobuiowds B croUfe dorpiees wethen yomer Suofc B oo
* Corgyube gt fumetour Y oecie diefresy fuenons eoser

* Cystfwrucad showmibo s combe wett Stovelo w Cocier 4

Obrazok 9 Aplikacia Kamelovej metody

Obrazok 10 Aplikécia vlastnej metody
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Z obrazkov 7 — 10 je zrejmé, Ze pre prahovanie
textovych dokumentov je vhodné pouzit Whiteovu
metddu. Navrhovana metdda nedosahuje dostatocné
vysledky a vystupny obraz nie je vhodny pre d’alSie
spracovanie, napr. rozpoznavanie a klasifikaciu.

Vhodnost’ pouzitia prahovacich technik na
portréty ilustruje séria obrazkov 11 — 13.

Obrazok 11 Aplikacia Whiteovej metody

!

&

x

s
N

ox

Obrazok 13 Aplikacia vlastnej metody

Whiteova a Kamelova metoda korektne
detekovali hranice objektu v obraze, ako aj vnttorné
detaily objektu. Navrhovand metoda podstatne
zvyraznila obrys objektu aeliminovala vnutorné
Casti — o1, usta, hodnostné oznacéenie apod.

Obrazok 14 Vstupny obraz

Obrazok 15 Aplikacia Whiteovej metddy
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Obrazok 17 Aplikacia vlastnej metody

Obrazky 14 — 17 ilustruju aplikaciu opisanych
metdd na jeden z prostriedkov vzdu$nej vojenskej
techniky.

Whiteova a Kamelova metdda nie st vhodné pre
segmentaciu obrazov so zaSumenym pozadim.
Navrhovand metdda je znacne odolna voci Sumu.
Korektne detekovala objekt v obraze a zvyraznenim
jeho podstatnych ¢ft ho transformovala do podoby
vhodnej na d’alsie spracovanie.

4. ZAVER

Lokalne metody prahovania tvoria iv sucasnej
dobe silny nastroj pre detekciu a extrakciu
vyznamnych casti objektov obsiahnutych v scéne.
Ich podstatou je lokdlne vySetrovanie daného
obrazového bodu a jeho okolia a nasledné priradenie
atribitu ,,pozadie/objekt™. Nasledkom lokalneho
pristupu je, ze ipixely snizkou hodnotou jasovej
funkcie (tmavé body) st spravne klasifikované ako
pozadie. Pouzitim globalneho prahovania casto
dochadza k nespravnemu priradeniu, ¢o je zrejmé
z obrazku 2, kde Rameshova a Lloydova technika
zlyhala. Zlozitost’ lokalnej techniky intuitivne
spociva najmd v nastaveni Sirky okolia, cez ktoré sa
uréuje  vystupny atribut. Dal§im  problémom,
ktorému sa pri pouziti lokalnej metédy nevyhneme,
je nastavenie d’alSich premennych relevantnych pre
pouziti techniku. Tieto parametre je mozné Ucinne
definovat’ vyuzitim a priori znalosti o obraze.

Prinosom navrhovanej techniky je moznost
pouzitia prahovaného obrazu vo vyssich Grovniach
automatického spracovania obrazov. Prezentovana
odolnost’ vo¢i zaSumenym obrazom a zachovanie
izomorfizmu vstupného a vystupného obrazu sa
signifikantnymi faktami, ktoré je mozné v d’alSom
procese vhodne utilizovat’.
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Summary: Thresholding techniques belong to part of
digital image processing where the input is usually gray-
scale and output is binarized. The binarization rules are
typical for each method. The contribution was focused on
local thresholding. Two popular algorithms were
described and formulated in image algebra expressions[6].
New technique was presented in part 2.3. As one can see
the proposed methods also reaches good results
comparable with others. Local thresholding has important
advantage. Since these methods extract significant image
features output image is suitable for classification. Others
algorithms can eliminate binary object size and rotation.
The unificated image is sent into a classifier.
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NOVE PRISTUPY V HODNOTENI SYSTEMOV RIADENIA A VELENIA
V PROSTREDI NNEC

NEW APPROACHES TO EVALUATING COMMAND AND CONTROL
SYSTEMS IN NNEC ENVIRONMENT

Julius BARATH, Marcel HARAKAL

Abstract: Today’s military conflicts and other security threats require rapid and efficient reaction from NATO and other
government, non-government and humanitarian organizations. To evaluate maturity levels of Networking Information
Infrastructure and C2 systems, theoretical maturity models for NEC were created. The models can be used for definition of
milestones of C2 development with goal to improve effectiveness and military power of units using effective Networking
Information Infrastructure, and as a framework for evaluation of cooperating units in future operations. The paper describes
two possible approaches to evaluate C2 systems. The paper is based on actual work of SAS-065 ,NATO Network Enabled
Capability (NNEC) C2 Maturity Model* working group and presents its achievements.

Keywords: NEC, NATO NEC, Command and control systems, Maturity model

1. UVOD

NEC (Network Enabled Capability) predstavuje
kvalitativne novy model budovania infrastruktury
ozbrojenych sil  (OS) ako aj vnuatornych
a vonkajSich vztahov v takomto systéme. Vo svojej
podstate sa usiluje o skvalitnenie predovsetkym
informaénych procesov, z ktorych sa potom
odvijaju  d’alSie suvislosti. Informacna nadvlada
dosiahnuta pomocou pristupov NEC znamena pre
prislusné OS velku vyhodu a zaruku uspesného
vyuzitia plného potencialu ozbrojenych sil na
rieSenie danej ulohy z hl'adiska ¢asu a prostriedkov.

NATO schvalilo nasledujucu definiciu NATO
Sietovych spdsobilosti (NATO Networked Enabled
Capability (NNEC)): “NATO sietové spdsobilosti
su kognitivne a technické sposobilosti aliancie spa-
jajuce rozliéné stcasti operacného prostredia od
strategickej urovne (zahfiajtc velitel'stvo NATO) az
po taktick(l uroven vyuzitim sietovej a informacne;j
infrastruktary” (1). Aby bolo mozné splnit’ tieto
ciele a zefektivnit' ¢innost’ jednotiek pri budtcich
operaciach, je potrebné, aby ¢lenské Staty NATO
modernizovali technické vybavenie a rovnakou
mierou aj doktriny a systém vycviku a vzdelavania
Pudskych  zdrojov.  Prispevok sa  zaobera
fundamentalnymi vychodiskami hodnotenia
sucasnych a buducich systémov velenia a riadenia
(C2). Ukazuje, ako je mozné hodnotit’ systémy
velenia a riadenia jednotieck a porovnavat ich
urovne vyspelosti podla modelu vyspelosti
systémov C2.

2. MODEL VYSPELOSTI SYSTEMOV C2

ZvySovanie urovne vyspelosti systémov C2 je
nutnou sucast'ou zabezpecenia menovanych stupnov
zvySovania operacnych schopnosti.

Model vyspelosti systémov C2 poskytuje kon-
cepciu pouzitelnu pre hodnotenie schopnosti na-
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rodnych C2, systémov ale 1 multinarodnych
(a inych koalicnych) C2 systémov. ZvysSovanie
schopnosti velenia a riadenia nie je ako také
koneénym cielom, a preto pokradovanie smerom
k NEC vyzaduje vytvorenie vztahu medzi Groviiami
vyspelosti systémov C2 a troviiami NNEC. Model
vyspelosti pripravovany pracovnou skupinou SAS-
065 umozni definovat tieto  vykonnostne
orientované vztahy. Poznanie vychodiskového
stavu pre dosiahnutie ciel'a nestaci. Je potrebné tiez
poznat' cestu, ktorda ukazuje, ako sa dostat’
k d’alsiemu bodu smerom k ciel'u. Model vyspelosti
tomu napomaha definovanim potrebnych krokov,
ktor¢é  organizaciu, narod alebo  koaliciu
pretransformuju z jednej Grovne do druhej. Znamena
to, ze model vyspelosti definuje sibor milnikov pre
planovanie pouzitelnych v NATO aj narodnych
systémoch C2 a NEC.

NATO NEC C2 Maturity Model (MM) - model
vyspelosti pre sietovo orientované operacie a bude
slazit lenskym krajindam NATO na:

e definovanie milnikov vyuzivajiic irovne vyspe-

losti systémov C2 (C2 Maturity levels),
definovanie  detailnych  planov  postupu
a porozumenia vztahov medzi a vo vnutri

NATO ,,pozadovanych schopnosti“ pouzivajic

pristup ,,Co je potrebné” na prechod k vysSim

urovniam vyspelosti systémov C2,

navrh testov / experimentov mapujicich C2

pristupy na Grovne vyspelosti systémov C2,

e urcenie priorit NII (Networking Information
Infrastructure) investicii na zaklade mapovania
urovni vyspelosti NII na C2 pristupy, ktoré sa
tym dosiahnu.

NNEC spolu so schopnostami velenia a riadenia
musia byt analyzované a hodnotené v realnych
kontextoch. NNEC C2 MM rovnako poskytuje
subor metrik pre hodnotenie ucinnosti krokov
smerom k pozadovanej urovni vyspelosti NNEC.
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Model
vlastnosti:
1. Model vyspelosti definuje jednotlivé urovne

schopnosti, ktoré je mozné dosiahnut’.

2. Zvycajne sa predpokladd, Ze organizacie,
postupne ako vyspievaji, budi schopné
dosiahnut’ vyssie tirovne schopnosti.

3. Niektoré modely vyspelosti mapuju Grovne na

vyspelosti ma nasledujuce hlavné

stupen  vykonnosti a/alebo na Specifické
charakteristiky niekol’kych kl'acovych
premennych.

4. Urovne vyspelosti musia byt meratel'né.

Model Model Model vyspelosti
vyspelosti NII vyspelosti C2 NNEC

Koherentna faza - Vedomie
reak0|a

Ag[lne C2 Koherentné>

II

(éza intergracie - Spoluprac: } ' (?2 zalozené na

& planovanie

Zalozené na
spolupram spolupraci

Koordinacna faza

komunikécia & informovanie Koordinované C2

Koordinovan >

'
III

Bezkonfliktna faza — Funkéné
prepojenia

Bezkonflikiné C2
A

Oddelena faza - [zolované o,
< systémy HKonfllktne C2

Obrazok 1 Vztah medzi uroviiami vyspelosti NII,
C2 aNNEC

Bezkonfl]kné>

Pre definovanie jednotlivych urovni vyspelosti
a poziadavky na prechod medzi nimi pozri (2) (3)

4.

3. PRISTUPY K HODNOTENIU SYSTEMOV
C2

Pracovna skupina NATO RTO pod oznaCenim
SAS-050 sktimala nové pristupy k systémom velenia
a riadenia a jej cielom bolo (5):

e vypracovat konceptudlny model a vybrat
klacové premenné a ich vzajomné vzt'ahy,

e uréit nastroje na preskimavanie povahy
a vztahov medzi tymito premennymi,

e aplikovat’ model a nastroje na priklade.

Referencny model obsahuje vyse 300 premen-
nych sviac ako 3000 vzajomnymi vztahmi a je
dostupny v elektronickej forme (6). Premenné su
hierarchicky roz¢lenené do desiatich hlavnych
skupin, kazda skupina ma potom podskupiny
a v nich sa nachadzaju premenné — pozri Obrazok 2.

+ Pristup k velemu, Pristup k
riadeniu, Vodeovstvo, Styl
velenia, 5tyl nadema

[ C2 pristup

Kvalita akeil

Fozhodovacie procesy

Kvalita rozhodovania

Charakteristiky a
spravanie entit

Reilnost’
+ Spolupraca, Siet, Informatné
T zdroje, Interoperabilita,
[ fnformacie Vykonnost Informadného
vybavena

Kvalita informacie

Celkoveé hodnotenie
vyhod

Stav (t)

Obrazok 2 Skupiny a vybrané podskupiny referen¢ného
modelu

Prvy zoverovanych pristupov k hodnoteniu
vyspelosti systémov C2 rozdelil skimany systém C2
na oblasti. Oblasti (na rozdiel od fyzicke;j,
informacnej, kognitivnej a socidlnej domény) st
vyberané podla charakteru operacie, kde sa systém
C2 pouziva. Prikladom je humanitarna operacia na
odstranovanie nasledkov zaplav alebo zemetraseni,
operacia na udrziavanie mieru alebo bojova
operacia. Moznymi oblastami hodnotenia pre
humanitarnu operaciu st:

o infraStruktura,

e zdielanie dat/informacii,
zdiel'any zamer,

zdiel'ana informaécia,

zdiel'ané povedomie/porozumenie,
proces rozhodovania,

akcie a pod.

Na zaklade definovanych oblasti sa vybera
kl'acové premenné pre kazda oblast’ a tie slizia na
hodnotenie systému C2, pricom pre kazda oblast’
dosiahneme hodnotenie vyspelosti podla uvedenej
stupnice (konfliktny — agilny C2) — Obrazok 1. Pri
takomto pristupe je nutné rieSit niekolko
problémov:

e premenné v referencnom modeli su vzajomne
prepojené a ovplyviiuju sa, je teda potrebné
vybrat’ vhodné nezavislé premenné,

e dolezitost/ vyznamnost premennych sa pocas
trvania operacie modze menit, Co treba
zohl'adnit’,

e nie je definovana funkcia na urCenie vyslednej
urovne vyspelosti systému C2 na zaklade Grovni
vyspelosti oblasti.
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Praktické vyuzitie takéhoto pristupu v pracovnej
skupine SAS-065 ukazalo, Ze rozne organizacie
hodnotiace systémy C2 delia problémovu oblast’ na
iny pocet oblasti a vyber premennych sa od pripadu
k pripadu nezhoduje a tak hodnotenia réznych
systtmov C2 nie je mozné porovnavat. Velmi
dolezitym faktorom pri takomto hodnoteni je aj fakt,
¢i st kritéria hodnotenia (vyber hodnotiacich
premennych) zname pred nasadenim systému C2
a je mozné zbierat’ data pocas jeho Cinnosti, alebo sa
systtm hodnoti spdtne na zéklade dostupnych
informacii. Pri druhom zuvedenych pristupov
ostavaju niektoré premenné nepouzitelné z dévodu
nedostupnosti dat, ¢o celkové hodnotenie skresluje.
Typickym vystupom hodnotenia urovne vyspelosti
systému C2 je radarovy graf — Obrazok 3.

Informacni

; Zdielané
vyhoda

povedomie .
Informacéna ® Uroveii
bohatost’ spoluprice

Uroven
synchronizicie

Informacny
dosah

po

Sehopnost’ ®

preéitia s
Smirtiaci icinok

 Operaéné  Bojovi
]

tempo sila

Obrazok 3 Hodnotenie irovne vyspelosti podl'a oblasti

Body na osiach znazorfuju uroven vyspelosti,
priCom prvy bod od stredu reprezentuje konfliktnu
a posledny bod agilnu uroven.

Druhy z overovanych pristupov je zalozeny na
arovniach vyspelosti C2 a z toho vyplyvajicich
dosledkov. Vychddza sa ztrojrozmerného C2
postupového priestoru  definovaného pomocou
alokacie rozhodovacich prav, distriblicie informacie
a mechanizmov interakcii, na zaklade ktorého je
uréend Uroven vyspelosti systému C2 s priamymi
dosledkami na:

e zdiel'anie zdrojov a informacii,
e informacie,

e povedomie a porozumenie,

e rozhodovaci proces,

e akcie a ich realizaciu.

Vyhodnocovanie urovni vyspelosti sa realizuje
formou tabuliek a moznym prikladom je definovanie
kIacovych oblasti s podskupinami hodnotenych
vrozsahu hodnét konfliktny az agilny. Pre
hodnotenie  systtmov ~ C2  nasadenych  pri
odstrafiovani zivelnych katastrof boli v modelovom
pripade pouzité oblasti:

e premenné definujuce kolektivne C2 uarovne
vyspelosti,
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e pozadované vzory interakcii,
e ocakavané hodnoty C2 efektivnosti,
e meranie efektivnosti (celkového) tsilia.

Uvedené oblasti je mozné pouzit’ univerzalne aj
pre iné typy operacii, co by prispelo k zjednoteniu

kritérii na hodnotenie vyspelosti systémov C2.

Tabul’ka 1 Oc¢akavané hodnoty efektivnosti C2

rozsiahla, hiboka, | rozsiahla, hiboka
Agilné C2 prispésobend a prispésobend a
dynamicka dynamicka
C2 zalozené i i i F
. . | vyznamna vyznamna
na spolupraci
Koordinované obmedzena obmedzena
c2
Bezkonfliktné |zameranana Ziadna (podla
C2 hranice planu)
Konfliktné C2 | Ziadna Ziadna
Miera zdielaného | Miera zdielaného
povedomia porozumenia

Tabulka 1 zndzoriiuje vyber podskupin pre
oblast’ ocakavanych hodnot C2 efektivnosti, pricom
pre kazd z podskupin je definovany zoznam
premennych z  referencného modelu, ktoré

prispievajt k  celkovému  hodnoteniu.  Pre
jednoduché  porozumenie je kazda uroven
podskupiny  slovne charakterizovand  priamo

v tabul’ke. PretoZze hodnotenia systémov C2 podla
urovni vyspelosti st zatial’ ojedinelé, tabulky a grafy
st doplnené slovnym hodnotenim a odporucaniami
pre prechod k vys$§im urovniam vyspelosti.

4. ZAVER

Pretoze velenie a riadenie je srdcom
transformacie smerom k informaénému veku,
porozumenie dosledkom existujucich a novych
pristupov k C2 tvori kriticki cestu transforméacie
a tento progres je zavisly na jeho pochopeni. Je to
preto, lebo schopnost reprezenticie C2 vo
v§eobecnosti, anového  konceptu sietovo
orientovaného pristupu k C2 obzvlast, je nutnym
predpokladom pre nase schopnosti porozumiet,
skamat’ aoverovat nové koncepty operacii
a transformacnych schopnosti.

Referenény model amodel wvyspelosti C2
vypracované pracovnymi skupinami SAS-050
a SAS-065 si kladu za ciel' vytvorit' nastroje na
meranie Urovne vyspelosti C2 a poskytnat
odporucania na ich vylepSenia. Pretoze sa jedna
onovu avyvijajucu sa oblast’, uvedené poznatky
zodpovedaju aktualnemu stavu rieSenia
problematiky a v najblizSom obdobi sa buda
upresiovat’ a rozvijat’.
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Summary: The paper provides overview of NEC concept
principles applied to C2. Theoretically describes C2
maturity levels and discusses two approaches to evaluate
C2 systems. First approach is based on creating
dimensions of interest, choosing independent variables
from reference model and assigning maturity level for
each dimension. Second approach is based on C2 maturity
levels and their consequences.
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VSTUPNA CHARAKTERISTIKA STUDENTOV PRIJATYCH NA AOS
Z POHLADU UCITELOV FYZIKY

THE PHYSICS LECTURERS’ ENTRY CHARACTERISTICS OF STUDENTS
AT THE ACADEMY OF THE ARMED FORCES

Eva BAJCIOVA JURECKOVA

Abstract: The Academy of the Armed Forces of General Milan Rastislav Stefanik in Liptovsky Mikulas offers also a 4-year
course of bachelor studies in the fields “Electronic Systems™” and “Transport Machinery and Devices”. These two fields of
study include also an obligatory subject Physics. This paper presents the results from the questionnaires distributed by the
physics lecturers at the Department of Natural Sciences. These results helped the lecturers get the characteristics of students
who entered the academy to study the above-mentioned courses. The information they obtained will be necessary for their

future pedagogical work.

Keywords: physics, teaching, evaluating, students’ attitudes, questionnaire.

1. UVOD

Na Akadémii ozbrojenych sil generdla M. R.
Stefanika (d’alej len AOS) v Liptovskom Mikulasi
medzi povinné vyucovacie predmety 4-rocného
denného bakalarskeho s§tidia v Studijnych odboroch
Elektronické systémy (d’alej ES) a Dopravné stroje
a zariadenia (DSZ) patri aj predmet Fyzika. Fyzika
sa uci v 3. semestri §tadia a je na fiu vyclenenych 84
hodin (48 hodin prednasok, 36 hodin cviceni). Za
uspesné ukoncenie predmetu moézu Studenti ziskat
7 kreditov.

V minulom obdobi bola sucastou prijimacieho
konania na Stidium aj skaska zfyziky. Zjej
vysledkov ziskali ucitelia ist¢ informacie ohl'adom
fyzikadlnych vedomosti Studentov. V stcasnosti
zédujemcovia o Studium v bakalarskych $tudijnych
odboroch prijimaciu skusku z fyziky nerobia.
Ucitelia Katedry prirodnych vied, ktori u¢ia na AOS
fyziku, pouzili dotaznikovii metoédu, aby ziskali
informacie potrebné pre ich nasledni pedagogicka
pracu so Studentmi.

Clanok prinasa vysledky dotaznikov, z ktorych
sa podarilo ziskat’ vstupnu charakteristiku $tudentov
Studijnych odborov ES a DSZ prijatych na AOS
z pohladu wucitelov fyziky. Poznanie S$tudentov
z hladiska konkrétneho vyucovacicho predmetu
pomaha ucitelovi urobit’ vyucovanie kvalitnej$im
a pre Studentov motivujicejSim.

2. ZAKLADNE UDAJE O RESPONDENTOCH

Na zistenie zakladnych udajov o respondentoch
bol pouzity neanonymny dotaznik zostaveny zo 6
diagnostickych poloziek. Prieskumu boli podrobeni
Studenti 2. roénika $tudijnych odborov ES a DSZ na
zaCiatku zimného semestra akademického roka
2007/2008, kedy u nich zacalo vyucovanie predmetu
Fyzika. Dotaznik vyplnilo spolu 53 Studentov, z toho
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bolo 26 Studentov 2 Studijnych skupin odboru ES
a27 Studentov 2 Studijnych skupin odboru DSZ.
81,1 % z celkového poctu respondentov boli chlapci
a 18,9 % boli diev¢ata.

Z Grafu 1 je zrejmé percentualne zastipenie
Studentov z hladiska typu strednej skoly (SS)
absolvovanej pred prichodom na vysoka skolu (VS)
(GYMN — gymnéazium, SOS — stredna odborna
Skola, SOU - stredné odborné uciliste s maturitou).

SOU
3,8%

GYMN
47,2 %

SOS
49 %

Graf 1 Percentualne zastipenie Studentov podla typu
strednej Skoly absolvovanej pred VS

Dlhoro¢né  skuisenosti  pedagégov  Katedry
prirodnych vied ukazuji, ze na Gspe$né zvladnutie
vysokoskolskej fyziky su najlepSie pripraveni
absolventi gymnazii. Ddlezita tulohu tiez zohrava
podet rokov fyziky na SS (Tab. 1).

Tab. 1 Percentudlne zastipenie Studentov podla poctu
rokov fyziky na SS

Pocet rokov fyziky na Percentualne zastapenie
sS studentov [%]
0 7,5
1 17,0
2 30,2
3 20,8
4 24,5
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Jedna §tvrtina respondentov mala na SS 4 roky
fyziku, polovica respondentov 2 alebo 3 roky
a najmene;j resp. vobec nie je na fyziku pripravena ta
Stvrtina  respondentov, ktora mala na SS 1 rok
fyziku, pripadne ju vobec nemala.

Kedze uchadzaci o vysokoskolské stadium na
nasej Skole nerobia prijimaciu skusku z fyziky,
zaujimalo nas, aki Studenti - ¢o sa tyka
stredoSkolskych vysledkov z fyziky - sa k nam
hlasia. Ako poslednu znamku z predmetu fyzika na
vysvedceni uviedlo 20,4 % respondentov znamku
»1 42,8 % znamku ,,2; 32,7 % znamku ,,3* a 4,1
% znamku ,,4“. Pre nas ako ucitelov fyziky nie je
potesitelny fakt, ze viac ako jedna tretina $tudentov
mala poslednu znamku z fyziky na vysvedceni
»trojku alebo $tvorku®.

Kym 47,2 % opytanych respondentov uviedlo, ze
z matematiky = maturovalo (priemernd znamka
z matematiky na maturite bola 1,4) a zvy$nych 52,8
% nematurovalo, ¢o sa tyka maturovania z fyziky je
skore ovela horSie — len 24,5 % respondentov
z fyziky maturovalo (priemerna zndmka bola 1,88)
aaz 75,5 % (tri $tvrtiny $tudentov) nematurovalo.

Ked’ze sa vo vysokoSkolskom predmete Fyzika
vyuzivaji  poznatky  ziskané v predmetoch
Matematika Ia Matematika II, ktoré respondenti
absolvovali v predchadzajiicom akademickom roku
2006/2007, v poslednej polozke dotaznika mali
uviest’ klasifikany stupeni, ktorym boli ohodnoteni
na semestralnej skuske zo spominanych predmetov.
Absolvovanie predmetu sa hodnoti zndmkou podla
klasifikacnej stupnice,  ktoru  tvori  Sest
klasifikacnych stuptiov: A (znamka 1), B (znamka
1,5), C (2), D (2,5), E (3), FX (4). Vysledky su
spracované v dvoch grafoch: v Grafe 2 je uvedena
klasifikacia Studentov v predmete Matematika I
(Studenti predmet absolvovali v zimnom semestri
akademického roka 2006/2007), v Grafe 3 je
klasifikacia v predmete Matematika II  (Studenti
predmet absolvovali v lethom semestri akad. roka
2006/2007).

Matematika I

Studentov

Po¢

A B C D E FX

OES 3 0 4 7 12 0
mDSzZ| 0 2 4 2 19 0
Klasifikacny stupent

Graf 2 Klasifikacia v predmete Matematika I

Matematika II

>

8

o

3]
el

2

>Un

0

o

=¥

A B C D E FX

OES 2 3 1 5 10 5
B DSZ 1 4 5 4 6 7

Klasifika¢ny stupen
Graf 3 Klasifikacia v predmete Matematika II

V Tab. 2 a Tab. 3 st uvedené vysledné
priemerné znamky Studentov z  predmetov
Matematika I a Matematika II.

Tab. 2 Priemerné znamky z predmetu Matematika I

y Matematika I
Studijny odbor Pocet Studentov Prle’rnerna
znamka
ES 26 2,48
DSZ 27 2,70
ES +DSZ 53 2,59

Tab. 3 Priemerné znamky z predmetu Matematika II

5 Matematika I1
Studijny odbor Pocet Studentov Prle’m erma
znamka
ES 26 2,73
DSZ 27 2,70
ES+DSZ 53 2,72

Vzhl'adom na dosial’ uvedené informacie v tomto
¢lanku ana to, Ze vstupnymi predpokladmi pre
uspesné zvladnutie vysokoskolského predmetu
Fyzika st matematické vedomosti z oblasti
maticového poctu, vektorovej a tenzorovej algebry,
vektorovej analyzy, diferencidlneho a integralneho
poctu funkcie realnej premennej, komplexnych Cisel,
obycajnych a parcialnych diferencidlnych rovnic a
fyzikdlne vedomosti na trovni Vzdelavacieho
Standardu z fyziky pre gymnazia vypracovaného
Statnym pedagogickym tstavom, pohlad ugitelov
fyziky pred nastavajucim semestrom, v ktorom
Studenti absolvovali predmet Fyzika, nemohol byt
prili§ optimisticky.

3. NAZORY STUDENTOV NA VYUCOVANIE
FYZIKY NA STREDNEJ SKOLE

Pre ucitelov Katedry prirodnych vied je pre ich
pedagogicku pracu dolezité poznat aj postoje
Studentov k fyzike. Fyzika a fyzikalne poznavanie sa
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zameriava na Studovanie a vysvetlovanie javov
okolo nas. Zviacerych prieskumov nazorov
Studentov vyplyva, ze fyzika ako vyucovaci predmet
patri medzi nie velmi oblubené predmety [1].
Problémy Studentov so ziskavanim vedomosti
anovych poznatkov vo fyzike suvisia jednak
s matematickym aparatom, ktory fyzika pouziva a
taktiez s abstraktnym myslenim v myslienkovych
experimentoch, ktoré sa vo fyzike vyuzivaju na
modelovanie realnych javov.

Na zistenie nazorov Studentov na vyucovanie
fyziky na strednej Skole sme pouzili anonymny
dotaznik zostaveny z 21 poloziek (tvorili ich 3 typy
poloziek — zatvorené, otvorené, polootvorené) [2].
Cast’ poloziek bola koncipovana §irsie so zamerom
celkového hodnotenia vyucovania fyziky, iné
polozky boli wuréené na blizSie skimanie
$pecifickych  aspektov vo vztahu Studentov
k vyu€ovaniu — na skumanie motivacie Studentov pri
uceni, na hodnotenie naroCnosti, zaujimavosti,
pragmati¢nosti vyucovania a pod.

Z 53 respondentov prieskumu 2 Studenti odboru
ES a 2 studenti odboru DSZ fyziku na strednej Skole
nemali, takze dotaznik vyplnilo spolu 49 Studentov
(24 studentov odboru ES a25 Studentov odboru
DSZ).

Ucivo, ktoré sa preberalo v predmete Fyzika na
SS povazovalo 10,2 % S$tudentov za mimoriadne
zaujimavé a velmi zaujimavé, 51 % za zaujimavé
a 38,8 % za malo a absolutne nezaujimavé. 65,3 %
Studentov sa domnieva, Ze veci, javy a zakonitosti,
o ktorych sa ucili vo fyzike, budi pre ich dalSie
Stadium vel'mi uzito¢né auzito¢né, 26,5 % ich
povazuje za malo uzitocné, 2,1 % za zbytocné a 6,1
% to nevedelo posudit’.

Dalsia polozka skiimala oblast motivécie
Studentov. Z Grafu 4 je zrejmé poradie odpovedi na
otazku ,,Ktory dovod bol pri priprave na predmet
Fyzika pre Vas rozhodujici?“ poénic odpovedou
s najvacsou frekvenciou [3].

Rozhodujuci dovod pri priprave na predmet
Fyzika:

a — aby som mal z predmetu dobrti znamku

b —lebo ma fyzika zaujima

¢ — aby som ziskal nové vedomosti

d — bolo mi l'ahostajné, akl budem mat’ z predmetu
znamku, len aby som z neho neprepadol

e — vedel som, e fyziku budem potrebovat' na VS

f —lebo fyzika je pre Zivot potrebna

g — aby mal ucitel’ ku mne dobry vztah

h —neucil som sa, lebo fyzika ma nezaujima

i —hanbil by som sa pred spoluziakmi za
nevedomosti

j —iny dévod

k — aby som dokazal, Ze som Sikovny
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Studentov
3
i
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a b c d e f g h i j k

Rozhodujici dovod pri priprave na predmet Fyzika

Graf 4 Vysledky prieskumu zameraného na zistenie
motivacie $tudentov k priprave na predmet Fyzika

Z odpovedi Studentov je zrejmé, Ze pri priprave
na predmet Fyzika zohrdvala ulohu tak vonkajSia
motivacia (u¢im sa, aby som mal zfyziky dobri
znamku; ...), ako aj motivacia vnitorna (ucim sa,
lebo ma fyzika zaujima; aby som ziskal nové
vedomosti; ...). Polozky skumajuce prezivanie
Studentov ukazali, ze strach alebo trému pred
hodinou fyziky nikdy nemalo 34,7 % Studentov, len
ojedinelo 49,0 %, casto 12,2 %, stale 4,1 %
Studentov [3]. Pocit Gspechu na hodinach fyziky
(Gspesne vyrieSeny priklad, tspesna odpoved’,
pochvala, uznanie) malo velmi casto 4,1 %
respondentov, ¢asto 34,7 %, zriedkakedy 57,1 %
a nikdy 4,1 % respondentov.

Preberané ucivo zfyziky vicSinou uz na
vyucovacej hodine pochopilo 55,1 % Studentov, po
nasledujicom samostidiu doma 40,8 % a vobec
nepochopilo 4,1 %. Pri samostatnom S$tidiu doma
60,4 % Studentov pouzivalo len poznamky z hodiny,
2,1 % len ucebnicu fyziky a37,5 % pouzivalo
poznamky z hodiny aj uc¢ebnicu.

V polozke dotaznika, v ktorej sa mali Studenti
vyjadrit,, kol’ko ¢asu venovali priemerne priprave na
fyziku, je frekvencia odpovedi vyjadrena Grafom 5.

1 az 2 hodiny
4,1 %

30 az 60 minut
26,5 %

0 az 15 minut
32,7 %

15 az 30 minht
36,7 %

Graf 5 Percentualne zastupenie odpovedi Studentov
tykajlcich sa Casu priemerne venovaného priprave na fyziku

Dalsie polozky dotaznika sa tykali rieSenia
prikladov z fyziky. Kym pri vyklade uciva Studenti
ziskavaju teoretické vedomosti o fyzikalnych javoch
a zakonitostiach, rieSenim prikladov si overuju
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porozumenie preberanych skuto¢nosti. Studenti
riesili priklady jednak na hodinach fyziky a jednak
ich dostavali na domace ulohy. 26,5 % respondentov
sa vyjadrilo, ze na hodinach fyziky riesili len tzv.
,Luéebnicové™ priklady, 44,9 % respondentov
uviedlo, ze riesili len aplika¢né priklady, 26,5 %
priklady ,ucebnicové” aj aplikacné a2,1 %
Studentov priklady vobec neriesili.

Pocitanie prikladov na domacu tlohu umoziuje
Studentom preukazat' jednak Specificky transfer,
kedy riesia podobné priklady ako uz riesili, teda
podla predlozeného vzoru ajednak neSpecificky
transfer, kedy rieSia priklady pre nich nové, bez
poznania algoritmu rieSenia. Tazko predpokladat’, ze
Studenti  preukazu  transfer  (Specificky i
nespecificky), ked'ze len priblizne S$tvrtina z nich
pocita priklady na domacu ulohu samostatne, d’alSia
Stvrtina domace ulohy odpisuje a polovica Studentov
ich pocita s pomocou spoluziakov, pripadne ich
nepocita vobec.

Niektori Studenti povazovali pocet rieSenych
prikladov za prili$ velky, ini za primerany a d’alsi za
nedostato¢ny. Aké je percentudlne zastupenie
odpovedi v pripade prikladov, ktoré Studenti riesili
na hodinach fyziky aaké v pripade prikladov na
domacu ulohu ukazuje Tab. 4.

Tab. 4 Percentualne zastipenie odpovedi Studentov,
ktorymi vyjadrili svoj nazor na pocet prikladov rieSenych
na hodinach fyziky a zadanych na domacu tlohu

Tab. 5 ukazuje, ako sa v poslednej polozke
dotaznika Studenti vyjadrili ku hodnoteniu ucitel’a
pri Gstnom a pisomnom skusani na strednej skole.

Tab. 5 Percentualne zastipenie odpovedi S$tudentov,
ktorymi vyjadrili svoj nazor na hodnotenie uclitela pri
ustnom a pisomnom skusani

Hodnotenie ucitel’a
pri Gstnom pri pisomnom
sktiSani sktiSani
spravodlivé 59,2 % 69,4 %
nespravodlivé 14,3 % 12,2 %
neviem posudit’ 26,5 % 18,4 %

Pocet prikladov
rieSenych na zadanych na
hodinéch fyziky | domécu ulohu
prili§ velky 6,1 % 10,2 %
primerany 71,4 % 67,4 %
nedostatocny 20,4 % 16,3 %
ziadny 2,1% 6,1 %

Co sa tyka pristupu ugitela fyziky ku §tudentom,
63,3 % respondentov ho povazovalo za kolegialny,
12,2 % za povysenecky, 0 % za arogantny a 24,5 %
si vybralo moznost’ iny pristup (l'ahostajny, zaujaty
voci istym jednotlivcom, ...).

V dalsich polozkach dotaznika sa respondenti
vyjadrovali ku hodnoteniu fyziky na strednej $kole.
Ustnou aj pisomnou formou overoval vedomosti z
fyziky ucitel' u 85,7 % Studentov, len pisomnou
formou u 14,3 % Studentov a vyluéne ustnou formou
sa neoverovali vedomosti u ziadneho z opytanych.
Kedze v sucasnosti sa na naSej vysokej Skole
overujui vedomosti Studentov vylucne v pisomnej
podobe, opytali sme sa Studentov, ¢i im takyto
spdsob overovania vedomosti z fyziky vyhovuje. 55
% Studentom takyto spdsob vyhovuje, 30,7 %
Studentov by uvitalo kombindciu pisomného
austneho skuSania, 2,1 % by vyhovovalo ustne
skuisanie a 12,2 % Studentov to nevedelo posudit’.

4. ZAVER

Cielom tohto prispevku bolo zhrnut' vysledky
dotaznikov, zktorych mali ucitelia fyziky ziskat
vstupnt  charakteristiku Studentov bakalarskych
Studijnych odborov ES a DSZ prijatych na AOS.
Studenti prichadzajuci $tudovat’ na AOS maji velmi
roznorodé a velakrat nedostatocné vedomosti z
fyziky. Napomaha tomu neustdla redukcia hodin
fyziky na strednej Skole. Zvolit' primerané tempo
a formy vysokoskolského studia fyziky je velmi
naro¢né. Nie je zriedkavost'ou, Ze medzi Studentmi,
ktori nedokoncia studium na AOS su aj taki, ktori
nezvladnu skusku z fyziky.
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Summary: This paper focuses on summarizing the results
from the questionnaires which the physics lecturers
distributed in order to get the characteristics of students
who entered the Academy of the Armed Forces to study
“Electronic Systems” and “Transport Machinery and
Devices” fields of study. The students coming to study at
the academy have heterogeneous and often insufficient
knowledge of physics. This is also due to the fact that the
number of physics lessons at secondary schools is
decreasing. It is very difficult to choose appropriate pace
and forms of physics studies at the academy. It happens
sometimes that students who do not complete the studies
at the academy have to leave because they have failed the
physics exam.
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DETEKCIA NEBEZPECNYCH OBJEKTOV S VYUZITIM INFRACERVENYCH
SYSTEMOV

DETECTION OF DANGER OBJECTS BY INFRARED SYSTEMS

Robert BREDA

Abstract: The problem of locating the position of mines plays a very important role both military and humanitarian points of
view. Lots of people, on a daily basis, get hurt or even killed — by remnants of military conflicts. Consequently, detection of
mines is becoming the central issue of a much effort in research. Detection of dangerous objects — antitank and antipersonnel
mines can be resolved also by the method of processing of the scanned visual information. The standard methods of locating
anti/tank or anti-personnel mines are increasingly demanding in terms of time, the level of proficiency of mine—sweepers or
engineers. The possibility of remote detection of mines from aircraft, helicopters or unmanned aerial vehicles reduces time
demandingnes of mine-sweeping actions, and costs and enables automation of the process thereby reducing the influence of
human factor. The contribution is about a proposal of an algorithm of mine detection in via visual information in the infrared
spectrum. It also contains a description of the procedures used by thermal image processing and that of the Hough's
transformation used in the algorithm for detection mine in the image. The results of proposed algorithm designed to detect

dangerous objects were used on real image of a minefield.

Keywords: mine detection, image processing, segmentation, Hough's transformation.

1. UVOD

Miny predstavuji okrem bezprostredného
nebezpeCenstva  pre  obyvatelov aj  velkl
ekonomicku zataz, kde na odstranenie jednej miny
su potrebné vysoké naklady a nakladna je aj
starostlivost o obete min. Detekcia v zemi
uloZzenych  objektov pomocou infracerveného
ziarenia sa moéze zdat prekvapujuca, pretoze
infracervené ziarenie neprenikd pddou a preto je
nemozné¢ merat priamo teplotu v zemi uloZenej
miny. Pretoze miny majt rozdielnu tepelnt kapacitu
ako ich okolie, mozu byt zistené pri dynamickych
podmienkach, kedy sa otepluje alebo naopak
ochladzuje prostredie. Takéto teplotné zmeny
nastavaji napriklad rano pri svitani, alebo vecer pri
stmievani. Maximalna hibka uloZenia miny, pri
ktorej je este mozna detekcia je 10-15 cm. Vysledky
ziskané s pasivnym infraCervenym zobrazovacim
systtmom zavisia aj na environmentalnych
podmienkach, kde d’alsi problém modze predstavovat’
nerovny povrch, odrazy od ruSivych cielov
a vegetacia. Mozné zlepSenie detekénej schopnosti
prinasaji metody analyzy sekvencie infracervenych
obrazov, alebo vyuzitie polarizacie infracerveného
ziarenia odrazaného sa a emitovaného umelo
vyrobenymi predmetmi. Obe metdédy umoziuji
zvysit kontrast medzi prirodzenym prostredim
a umelo vytvorenym objektom analyzou postupnosti
obrazov a ich kombiniciou do jedného, alebo
viacerych parametrickych obrazov. Priame meranie
mdze byt kombinované s termodynamickymi
modelmi pody, ktoré popisuju prestup tepla v mine a
v pbdde, ako aj vymenu tepla medzi pddou
a atmosférou. V zavislosti na arovni prepracovanosti
modelu sa m6ze simulovat’ nie len tok tepla zemou,
ale aj tok vlhkosti pddou. V prospech infracervenych
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systémov hovori ich schopnost’ zobrazovat® situaciu
a sucasny stav technologii umoziuje vyrabat’ vacsie
a citlivejSie senzorové polia s cenou a kvalitou
obrazu priblizujicou sa k sGcasnym komerénym
digitalnym zobrazovacim systémom, ktoré pracuju
vo viditelnom spektre. Ked’ze prichadzajice tepelné
ziarenie zo slnka sa cyklicky meni, aj tepelné
signatary podzemnych objektov nasleduji tato
cyklickil zmenu. Tepelna signatira min nezavisi iba
na dennej dobe, pocasi a na vlhkosti pody, ale aj na
druhu pody. Pri snimani obrazu pre detekciu min je
preto potrebné brat” do tivahy vsetky tieto faktory,
ktoré maju vplyv na tepelnt signatiru tak, aby bol
dosiahnuty potrebny kontrast pre rozliSenie min.
Vlastni detekciu min na zaklade ich tepelnych
signatlir si moéZeme predstavit’ ako detekciu kruznic
alasti kruznic vsnimanom obraze. Casto
pouzivanou metodou detekcie kruznic v obraze je
Houghova transformacia, ktora bola pouzita pre
detekciu min. Bol  vytvoreny  algoritmus
v programovacom prostredi MATLAB, ktory
vyuziva kniznicu Image Processing Toolbox
s funkciami pre spracovanie obrazu.

2. SPRACOVANIE SNIMANEHO OBRAZU

Algoritmus detekcie min moézeme rozdelit do
niekol’kych hlavnych krokov. Prvym krokom pri
detekcii min touto metédou je snimanie, digitalizacia
a uloZenie obrazu minového pol’a v Ciselnej podobe.
Objekty nasho zadujmu su pomerne velké a naopak
Sumu zodpovedaju malé oblasti, ktoré su v algoritme
odstranené  pomocou  morfologickej  operacie
otvorenia a uzavretia obrazu. Nasledne je prevedena
detekcia hran  snimaného obrazu pomocou
vybranych operatorov, v algoritme bol pouzity
Sobelov operator, ktory dava dobré vysledky pri
detekcii hran v pouzitych obrazoch.
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Obr. 1 Detekcia hran pomocou vybranych operatorov

2.1 DETEKCIA MiN POMOCOU )
HOUGHOVEJ TRANSFORMACIE

Pre nasledni detekciu min v obraze je

v navrhnutom  algoritme  pouzitd  Houghova
transformacia. = Houghova  transformécia  je
vSeobecna metdda sluziaca k vyhladaniu

definovanych objektov v obraze. Houghov priestor
je vnasom pripade trojrozmerné pole, pricom dva
rozmery st zhodné s rozmermi povodného obrazku
atreti rozmer predstavuje jednotlivé polomery.
Tento rozmer sa mdéze menit podla ocakavaného
polomeru min v obraze, aby sa nezadavali velké
polomery a Setril sa tak cas potrebny na vypocet.
Polomer je mozné ohranicit’ zdola, ked’ze moézeme
ocakavat’ aj urcity minimalny polomer min v obraze.
Minimalny a maximalny polomer min v obraze
zévisi od skutocnych rozmerov min, od vysky,
z ktorej bol obraz snimany, od rozliSenia snimaného
obrazu aod ohniskovej vzdialenosti objektivu
snimaca. Na zaklade tychto hodndt je mozné
algoritmus rozsirit' o kroky, ktoré by nastavili
hrani¢né hodnoty transformacie a skratili tak cas
potrebny na vypocet. Vyhl'adanie lokalnych maxim
prebieha tak, Zze sa vyhladd maximalna hodnota
v Houghovom priestore. Prvé dve suradnice tejto
hodnoty predstavuju stred detegovanej miny tretia
suradnica predstavuje polomer. Ak je hodnota
maxima vys$§ia ako wurCitd prahova hodnota,
¢ervenym krizom sa oznaci poloha miny. Potom sa
odstrani maximum a jeho okolie z Houghovho
priestoru a znova sa vyhlada maximum.

Obr. 2 Vysledok hl'adania min v simula¢nom prostredi

3. ZAVER

Najvyssia dosiahnuta Gspesnost’ detekcie min
pomocou navrhnutého algoritmu je 94,44 %. Tato
uspes$nost je priblizne na rovni ostatnych
pouzivanych metod. Zvysit uspesnost’ detekcie je
mozné kombinaciou viacerych metéod. Vhodné by
bolo spojit' také metody detekcie, ktoré by sa
navzajom dopliali. Napriklad infraderveny systém
v spojeni s georadarom by mohol ispes$ne detegovat’
miny tak v suchom, ako aj vo vlhkom prostredi. Pri
pouziti detekcie min z obrazovej informacie ziskanej
pomocou infraervenych systémov je nutné brat
ohlad na aktualne vonkaj$ie podmienky. Cas pre
snimanie obrazovej informacie je potrebné zvolit
s ohladom na typ pody tak, aby sa dosiahol ¢o
najvyssi kontrast tepelnych signatir min oproti
pozadiu. Vietor, rozvirené listie, piesok alebo prach
modzu sposobit’ silné zaSumenie obrazu, ¢o moze
viest ktomu, ze tepelné signatiry min budid
algoritmom t'azko rozpoznatel'né. Vlhkost' pody tiez
vplyva na tepelny kontrast medzi minou a pozadim.
Dlhotrvajice obdobie bez zrdzok, ale aj nedavny
dazd’ spdsobia znizenie tepelného kontrastu a teda
stazenie podmienok pre detekciu. Navrhnuty
algoritmus je mozné rozsirit’ o detekciu nastrazenych
drotov  triestivych min, pripadne o detekciu
nevybuchnutej municie. DalSou  moZnostou
vylepSenia algoritmu je spracovanie sekvencie
obrazov jedného miesta, ziskanych v r6znom case.
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Summary: The success in detection of mines in the tested
image, using the algorithm proposed by us, has reached
94,44%. This rate is roughly at the level of other methods
currently in use. Efficiency of detection can be improved
by way of combining several methods. It would be
suitable to join such methods of detection which would be
complementary. For example, an infrared system linked
with a georadar could successfully detect mines both in
dry and humid environment. When using mine detection
on the basis of image information acquired by means of
infrared systems, it is necessary to take into account the
actual ambient conditions. Time of scanning of thermal
image information is to be chosen in view of the type of
the soil so as to achieve the highest possible contrast of
thermal signatures of objects against the background.
Wind, whirling litter or dust may result in strong noise in
the image making it difficult for the algorithm to discern
thermal signatures of mines. Humidity of the soil also
affects thermal contrast between the mine and the
background. Long-lasting periods without rain, but also a
recent rain may be causes to lower thermal contrasts, i.e.
degradations in the conditions of detection. The proposed
algorithm proposed can be extended to detect cables laid
as traps for fragmentation mines, or to detect unexploded
ammunition. Further potentials of improvements in the
algorithms consist in its processing sequences of images of
the same site scanned at different seasons of the year.
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TYPES AND FUNCTIONS OF INFORMATION IN AIR DEFENSE

Zdzistaw MASLAK

Abstract: The system of air defense is extremely complex. This complexity results from a large number of elements, the
multiplied relations among them and also forms the variety of states that particular elements can be found separately and as a
whole with high frequency and speed. The number of object classes, classes of relations in the distinguished objects are
relatively small. That's why most of messages in the system of air defense can be reduced to relatively small number of

message types with well-defined patterns.

Keywords: message types, air defense, information, types, functions

INTRODUCTION

The air defense is a special complex system.
Such complexity results from a large number of
elements, multitude of relations between them and
also from the variety of situational states possible to
appear in the air defense components as well as in
the whole air defense system. It happens very
quickly and frequently when processing the
incredible quantity of information. The number of
class objects and states of the distinguished objects
is relatively small. Due to this fact most of
information in the air defense system can be
expressed through a relatively small number of
information types (kinds) based on the well-defined
structures. Some of these structures introduced
through administrative decisions - order, agreement
or other ones become finally the information
standards of air defense. This elaboration is an
attempt of attaining the clarity of theoretical bases
for the air defense information. It is also an
expression of the basic trends in the theory of
information of civilized world at the beginning of
XXI century including the future character of wars
and conflicts. Simultaneously, the elaboration is a
guide in the field of theoretical basis for managing
the information in the air defense system.

1. DEFINITION OF AIR DEFENSE
INFORMATION

Technological advance causes that automatic
systems of command and fire assets of air defense
are based on the continuous and rapid access to the
currently updated information. The military
theoreticians predict that the future war may look
like the present screenplays of fantastic movies. In
such circumstances the opinion that information will
become (if it has not happened yet) the most
important factor of the battlefield. Regardless the
future character of war, the prompt and efficient
gathering information will dominantly influence the
course of war. To a large extent this process will
depend on a precise structural determination of the
enemy, own forces and conditions for battle. In case
of the attempt to define the term information in
every field of human activity the literature on theory
of information and information systems are full of

examples from the economy. But it is not possible to
find the classic definitions on economic information
that would be commonly respected and applied.
Instead of that one can find many brief descriptions
concerning the various aspects of information and
information systems. They can be easily arranged to
such a specific human activity like the air defense.
For instance, this is the following set of definitions
below:
- information is the observer's knowledge on air
defense system and its environment
- information is the content of quantitative and
qualitative  characteristics  of  components
constituting the air defense system
- information is such content of message on the air
defense essential for solving the task of shielding
the military troops and objects
- information is such a content of message that
diminish the uncertainty of situation in air defense
system
Normally, the sense of these expressions can be
various to reflect a certain situation and context of
using them became the term of information is very
fluctual and open to many different interpretations.
The expression information in air defense is not
frequently used in economy, politics and daily life.
The sense of this expression used to be different
depending on situational and informational context
of its user. It does not appear in colloquial speech
like in the ethnic language used for communication
as a universal language in an ethnic group. It appears
in a special language of air defense used in the
following meanings:
- Information in the air defense deals mainly with
systems, processes and events in the air defense as
the system (criterion on subjective spectrum of
information)
Information in air defense deals mainly with
information actively serving the decision-makers
of air defense (commanders, intelligence officer
analysts, navigators, pilots, etc) to make a decision
(criterion of the information user).
Information in the air defense is any kind of
knowledge used for steering processes or guiding
the defense forces (criterion of the information
user).
Information in the air defense is the knowledge
circulates in the air defense system and its
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- environment essential for functioning of air
defense (criterion on function in the air defense
system)

- Information in the air defense is the knowledge
causing the results in decreasing the own loses and
increasing the number of hostile aerial vehicles
(criterion on informational effect in the air
defense)

The above meanings of information in the air
defense are supported with some examples below.

1.1 Information on systems, processes and events
in air defense

Examples of information about air defense are
the data on components of the system and their
mutual relations. It also includes the data on
parameters of cooperating technical devices, rules of
functioning the command posts and their duties etc.
The information mostly concerns the phenomena
and external systems in relation to recipient or user
of information. For instance information about the
threat of air attacks mainly in the interest of
a decision-maker responsible for protection of the
object and people working there. The operator of air
detection component who can stay in other area
beyond the threat is not interested in such
information.

1.2 Information for air defense decision-makers
used to make a decision

Air defense information used to make a decision
about the method of using the armed force may be
understood as any knowledge disregarding its
content and form. - For instance it can be
information on air attack, composition of the
offensive groups, direction of attack, meteorological
and terrain conditions in the region of combat
operations. Each of the above mentioned items of
information causes making a decision at the proper
level of responsibility. Such decision must follow
the adequate situation expressed by this information.

1.3 Information guiding the air defense system

This kind of information of air defense used for
guiding or controlling the process in this system
guiding air defense systems covers all made up the
directives, orders, requests influencing the
phenomena and processes in the air defense. It also
refers to people and combat units like AOD ACO
ATO OPTASK' with the regulations on the use of
airspace, requests of  supervisors given to

' AOD - Air Operation Directive, ACO - Airspace

Control Order, ATO — Air Task Order, OPTASK —
Operational Tasking.
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subordinates, procedures for activity in certain
situations etc. This information is intentionally
prepared by commanders, staffs or officers to cause
proper behavior of measures or persons to gain the
expected results of air cover.

1.4 Information constituting a part of air defense
system

The information circulating in air defense system
vital to for its proper development include all
instructions on joint operations of armed forces,
compatibility of devices, roles of command posts as
well as the codes and rules for transferring the
information, forms of reports etc. This information
is usually works in a framework of subsystems
functioning as the integral parts of the particular
systems of air defense. The information generated
and circulating in these systems is usually a result of
previously made decisions as well as a tool for
implementing decisions or a result of gathering
information process. For instance the decision on
covering an important object causes the process of
circulating information that means achievement of
tasks displacement of the selected forces of fighter
aviation.

1.5 Information causing results

The information causing results in air defense
can be any information disregarding the content and
form whose appearance or lack in air defense system
causes the measurable results. For instance an
improper message on the air attack - delayed or
misled direction of attack- may cause the situation
when more targets (airports, command posts) will be
efficiently destroyed. But the well-acquired and
properly reinterpreted defense intelligence notice
(AiN) about the enemy will cause deliberate damage
of attacking aircraft. The criterion adopted for
distinguishing these five kinds (types) of
information is strictly functional. The content of
information has the secondary importance. The same
information can play one or some different roles. It
means that -for instance- that the same information
may cause results in number of damaged aerial
vehicles of enemy and to constitute a part of the
information system. Multifunctional aspect of
information in the air defense is a complex issue.
For instance the difference between information on
system and the decisive message is based of the fact
that the first one creates possibilities of guiding
effect and the second one cause the real effects. It is
an essential difference in functioning of information
in air defense system.



Science & Military 2/2008

Expert papers

2. TYPES OF INFORMATION OF AIR
DEFENSE

2.1 Fact-based information

Fact-based information in the air defense is the
only information that distinct states of objects,
processes or events. The message on such a state is
called 'fact”. Fact as a message containing a certain
information on the distinct state of object can be
presented by the sequence of three elements’

(O,F,V)

where

O name of object
F feature of object
V value of object

For instance let object be a fighter F-16c, its
feature is time of detection and value of feature V is
C-17.15

The term of an object is used in a general
meaning: object, process, and event. Such object can
be real: technical (aircraft, device), biological (a
man, flock of birds), informational (text, database,
system of gathering, acquiring, processing and
distributing the information). An object can be
perceived as a simple, complex or big system. A
feature F of object O is a distinct state of O. A
feature can be attributed to certain values from the
set of the distinct states of O. A value V is a measure
of such a distinct state.

Each object can have many features

C=C(A)=(al, a2, .....aR)

These features can be constant in a certain time
interval

C(T) = C(A,T)

The above equation means a static fact in time
interval T. We can present it as a graph (semantic
pattern)

E(T) = [O(T), E(T), V()]

According to many researchers the quantity,
value and utility of information can be determined
only in relation to certain users. In the air defense
there are messages not connected with certain users.
It refers to vast majority of messages constituting the
information data in subsystems. It means that most
of air defense information stored in the information
databases will not be the basis for assessment of the

2 7. Madrzycki
3 J. Olesinski

quantity, value and quality of information in
connection with info-users. It happens even then
when certain information is not directly used for
making a decision (through inserting it into the
decision-making algorithm) but in the way that
decision-maker gained for many years. His
knowledge is possessed, processed, modified and
constitutes the base upon which the decisions are
made.

2.2 Technical information

Technical information is the fact-based
information that refers to technical objects. The
object for this information is a technical device -
computer, coding device, TV transmitters, In a
device the features based on technical parameters are
distinguished: carried frequency, working frequency,
number of impulses and their shape, possibilities of
generating and absorbing energy, inter-emergency
time, technical functions, energy consumption
number of working hours between the inspections
etc. Many of these features are strictly the technical
norms. These features can be quantitative (weight,
capacity, transmission capabilities, capability of
energy consumption observing), qualitative (type,
construction, quality class, adaptation to work under
certain conditions, time between repairs, unmanned
service). Nomenclature (composition of element or
system) and organizational (designation of objects,
determining if an object is an effect of decisive
process) features are also in the set of the above
features.

A fact-based technical information is referred to
particular technical objects that means certain
devices or technological processes. Practically, for
most of classes and types of technical objects in the
air defense the models of fact are determined. A
model of fact is usually tailored to the needs of
information recipients. Its semantic structure fits the
semantic pattern of fact or a part of such a pattern. A
model of fact for technical information is a structure
of technical documentation of any device, its
description, manual, conservation specifications etc.
Some models of fact become information standards
also as the international branch norms that are very
important in case of the integrated NATO air
defense.

Technical information concerns systems of
different sizes. There could be small systems e.g. in
the local computer and global system like integrated
system of information on the NATO aerial vehicles.
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2.3 Technical-to-decisive information

Technical-to-decisive fact-based information is
any fact-based information. Its objects are technical
but features and attributes are decision
characteristics e.g. number of aircraft in the region
responsibility, number of firing aircraft necessary to
hit the selected target, number of marine tenders for
COMAO* service. There are so called indicators of
combat efficiency as examples for technical-to-
decision information among others. Technical-to-
decisive information includes also characteristics of
technical objects.

Assuming the above it is possible to divide the
technical-to-decisive information into the following
way:

- Technical-to-decision norms most frequently
occurring as normative indicators based upon the
upgraded capabilities of object e.g. aircraft fuel
consumption, number and types of payloads

- Statistic  technical-to-decisive  indicators are
referred not to a certain technical object but to
elements of air defense as a type of subject
squadron of aircraft, devices of electronic warfare
echelons, technical system of air defense
reconnaissance etc. Statistic technical-to-decision
indicators inform about factual, result technical-to-
decision parameters connected with the certain
effects that these objects can ensure.
For instance they are capable of shielding a certain
area, shooting down a certain number of aircraft,
detecting a certain data on aerial target and then
processing them to achieve information from these
data. The examples for such indicators are
accepted as result patterns. These are statistic data
obtained in certain situations under some
conditions.

Statistic ~ technical-to-decisive  data  means
statistic technical-to-decisive information referred to
the air defense element as the objects of fact-based
information. For instance a predicted number of
damaged targets basing upon the pervious attacks
with the same number of aircraft reflect this issue.

Technical-to-decisive information concerns the
technical  objects, machines and devices,
technological processes as the integral components
of the subject. This information is very important for
the air defense system because objects, events and
technological processes are strictly the basis for
decisive processes. Technical-to decisive is the
primary characteristics of objects, processes and
events. They are the basis for the rest of other
information. Technical-to-decisive information plays
an important role in the internal informational
systems of air defense components. Elaboration and
application of the uniform rules and methods of

* COMAO — Composite Air Operations
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reproducing  (expressing, transforming)  this
information is the condition for informational clarity
in air defense.

3. INFORMATION
DEFENSE

SERVICE 1IN AIR

As described earlier the information is a limited
set of data existing in a certain system, language at
adequate material carriers referring to the air defense
system information perform three basic functions
- Informative
- Decision making
- Guiding

Each of these functions requires from the
information to be different according to:

- Content

- Language

- Form (structure

- Material carrier

- Organizing the information system

3.1 Informational function

Informational function of message in the air
defense system is based upon reproducing the real
situation on the land, sea and air in the form of
information and creating knowledge resources. This
function is performed through distributing the
information to all objects and elements of air
defense - people (decision makers), teams (staffs,
commands, crews) to provide them with information
essential for these objects of knowledge. It means
the information resources essential to these objects
existence, functioning and performance of ordered
tasks.

This knowledge is the gathered and stored
information. The informational function of message
is based upon changing knowledge resources of
system or its part. A message received by the system
that does not change the resource of knowledge does
not perform informational function. J Czerniak
claims in his considerations that if information does
not change the store of knowledge it does not
include any information because it is nothing but
data. He introduces discriminations between the
information and the data-signs that may [but do not
have to] include information increasing the
knowledge resources belonging to the signs
recipients. In the system of air defense the gross of
message is only databases without any information.

The assessment if any message includes the
information changing the wuser's resources of
knowledge is possible only in case when the
informational and informational processes are
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well-defined where the message is received by user.
It is worth assuming that such occasion happens in
the air defense system and ongoing processes. In
such hierarchic information system each read
message is received by user that can asses if the
information included in this message changes his
resource of knowledge or not. We deal with such
processes in simple decisive situations. But it
happens that a recipient (user of information in air
defense) is not aware at this moment whether the
information in that message enriches the resource of
his knowledge. It refers to the users in staffs and
commands. For instance, the CRC’ commander
receiving information on a single aerial object is not
able to state if this information changes his spectrum
of knowledge on the hypothetical enemy's COMAO
groupings.

Such events take place because in the air defense
system it is often impossible to asses univocally if
any message received by user increases the stock of
his knowledge. It is extremely difficult to asses in
case of those elements constituting the system that
include many information subsystems. Each member
of the staff section command etc. is an information
system. Transfer of any message to the staff X or
section Y does not mean that all information systems
in the range of subject (e. g. all employees of
CAOC®) immediately verify the resources of their
knowledge the chief of defense received any report
from division on using the missile weapon. On the
contrary we can be sure that the message will be
stopped in the information system of the subject.
Among others it results from the fact that in the air
defense we deal with an excess of information and
disseminating many similar messages - concerning
their lexical and semantic expression.

The informational function of message in the air
defense system is performed through information
processes of gathering, processing, storing and
distributing the information. These processes or
some of their stages are usually performed by the
information  systems. Good and effective
performance of informational function through the
message in air defense system requires fulfilling the
below-described conditions.

CONDITION 1 professional diagnosis of the
user-recipient's resources of knowledge Proper
identification, good recognition of information needs
of users-recipients is usually difficult but in case of
air defense it does not make much trouble due to
clear division of competencies of its particular
elements.

But to define accurately the demand for
information of users -recipients itis necessary to

® CRC - Control and Reporting Center
8 CAOC - Combined Air Operations Centre

identify properly the users, their decision-making
situations, to describe models of these occasions and
to get familiar with their information resources. It is
extremely difficult to assess resources of the
knowledge remembered by people and resources of
knowledge left in technical devices including overall
computer systems and knowledge stored in the
normative documents, handbooks guides etc. The
resources of knowledge are often insufficiently
described.

A term of useful knowledge may be helpful when
identifying the needs of users-recipients. A useful
knowledge is such knowledge that user needs right
now or in the future. Hence, an important parameter
is a time. We may talk about the knowledge that in a
certain time interval is useful. This utility can be
expressed by the probability rate higher than zero
and connected with the knowledge used for making
a decision, guiding activity etc. by a certain user in
one moment or time interval. Conditions for
assessment of knowledge are good systems of meta-
information describing the information archives or
technical devices with memory. Such good meta-
information systems are rare, anyway. In most cases
the statement that any information is in the
commander's (pilot', navigator' chief of staff stock
memory etc) or in the system is proceeded with
review of resources or a precise question if such
information exists in the system.

Practically, many messages are distributed
among the elements of air defense because it is not
sure if any user of information has already got the
latest message. It is extremely difficult to asses the
knowledge memorized in human minds and in the
systems employing technical devices including
computer equipment because these knowledge
resources are not sufficiently described.

CONDITION II Adequate defining of the
informational needs of user-recipient.

When defining the needs of user-recipient is

necessary to distinguish:

- Information needs that impose an active demand
for information

- Information needs that manifests with demand for

enrichment of knowledge resources

- Information needs that support the storage of
information in resources (memory devices)

- Information needs that support searching for
information in the memory devices or in user's
memory
The fact that a real user does not need any

information right now does not mean that this

information won't be necessary for him in the future.

By the way it is necessary to realize personal needs
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of information that means auto-identification of
information needs. A part of users-recipients
information in the air defense -excluding simple
technical systems and decisive situation- is not able
to identify precisely personal needs of information
and then to define them and express in adequate
meta-language. That's why auto-identification of
information needs is often not full, imprecise and
valid only in relatively short time since the statement
if any information is needed or not takes place after
its reception and inserting into memory of
information system. For instance: To what region of
duty we should introduce the fighters after receiving
the first messages on detection of aerial vehicles?
We can state after analysis of the entire tactical
situation. Due to the analysis of situation we can
assess the importance of the received information
and to make adequate decisions. So in the
information system in the air defense - as in
information systems in general- it is necessary to
take into account that messages can include the
invalid information and such information can be
multiplied that information gaps are possible or lack
of information is not excluded.

A good information system should be equipped
with tools identifying the redundancy, information
gaps, not full relevance of processes of searching
information and based on methods of these tools
application. These methods and tools should make
possible the control and minimize the discrepancies
between the user's knowledge together with his
information needs and the information he receives.

CONDITION III Proper identification of user-
recipient language.

To perform relatively well the informative
function a user-recipient should receive possibly
complete information about language in which the
message was expressed. This condition is fulfilled in
the air defense. But specificity of particular
languages constituting the language of air defense
and high level of information systems variety lead to
possibility that user-recipient can misunderstand or
just not understand messages he receives. It is due to
his insufficient knowledge on languages, in which
these messages were expressed. In turn the systems
generating messages eagerly reserve the rights not
only for creating and distributing messages but also
to the language of their expression. Such situation
results from a large spectrum of instructions, tables,
guidelines etc. Finally, an ordinary user-recipient is
not able to interpret univocally the information that
leads to rapid growth of internal information systems
of staffs, organizational cells and command posts
when using the modern information technologies
requiring the highly qualified specialists to operate
them.
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3.2. Decisive function

A decisive function of message is based upon
supplying the decision-maker of air defense with
information essential for taking his decision. To
perform such function with assessment to what
extent any message performs decisive function there
is a need of descriptive information:

- current decisive situation of user - decision maker's
information

- decision-making procedure chosen by this decision
maker

- his resources of knowledge relevant to the ongoing
decisive situation and decisive procedure.

- a resource of knowledge relevant to decisive
situation within the framework of a certain system.

It is important to perceive difference among the
types of information. I(S) is an information
describing the decisive situation I(S). I(D) is a
description of decisive procedure. I(K) information
as the resource of knowledge relevant for decision
maker of the air defense and I(T) means the
information constituting the knowledge on decisive
situation relevant for the framework a certain
system. A decision maker defining his decisive
situation should have the knowledge I(T). It is
information about the system in which the decision
is made. The decisions concern this system. Both
resources of knowledge I(K) and i(T) should be
similar. It means that a decision maker as an element
of air defense system knows all what is necessary to
define a decisive situation. Practically, a real source
of the decision maker's knowledge I(K) does not
cover the whole information from I(T) that means
the knowledge relevant to him to make an adequate
decision. Usually the knowledge he has is poorer
than information about the systems to which the
decisive situation is referred to.

Usually, the set of information I(S) describing
the decisive procedure is made basing upon the
decision maker's knowledge I(W). When this
knowledge includes irrelevant or false information,
the procedure can be misleading. It happens that a
decision maker has the knowledge I(W) covering
only a part of information I(T) - therefore that is an
incomplete knowledge. We often meet such
knowledge in the system of air defense. Decision-
making process in such circumstances takes place
under the condition of incomplete information. A
determination to what extent information and
information processes are incomplete when making
a decision is one of the crucial problems in air
defense.

Information gaps, lack of complete information
in making-decision process cause the situation when
the incomplete information is regarded as sufficient
or the information gaps are filled with irrelevant
information that a decision making treated as
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relevant ones (e.g. not verified information,
subjective estimations on weak bases). It is one of
most frequent reasons for mistakes when making a
decision in air defense.

In the modern air defense system the specialized
systems of information are upgraded to offer
information that from the theory of information
viewpoint belongs to J(K) and I(T). For instance:
system of data identification, consultations on
different types of databases. A decision-maker
should selectively use these information or share
information services. In order to do that he needs the
knowledge on information and its systems. In the
modern air defense the knowledge on information,
its systems and processes belongs to basic spectrum
of knowledge obtained by every decision-maker.

3.3. Guiding function

Guiding function of message in the system of air
defense is based upon the fact that a message given
to a recipient causes a certain behavior of the
subject. A sender of message determines recipients
and information channel through which he sends the
message. In the guiding function the user of a
message is either it sender or recipient. It is the
specific feature of guiding function in the air defense
system. In other function someone else is it user and
different persons generate information. For a sender
the message is a tool for guiding a recipient; for
recipient a message can be perceived different ways.
For instance as tool for guiding, enriching
knowledge resources and as the information
supporting decision-making act. Depending on the
senders intentions the messages are given to
individual users in a certain environment of users
not individually identified.

When taking into account the criterion on the
method of perceiving the guiding message by its
users- recipients we can distinguish the following
situations:

- recipient of message identifies it univocally as an
instruction including the guiding information

- recipient of message knows that it was sent to him
in order to make a decision following a decisive
procedure after completion of his knowledge but
basing upon exactly the above message.

- A recipient of message is convinced that it is to
change the spectrum of his knowledge while the
objective of sender is to guide a recipient.

When pondering the range of affecting
a message including guiding information we
distinguish two situations.
- Messages addressed to certain recipients.
- Messages of common range.

Messages of common range may perform an
informative or guiding function. The guiding effect

of common range message may be very strong but it
is difficult to control.
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Summary: The system of air defense is extremely
complex. This complexity results from a large number of
elements, the multiplied relations among them and also
forms the variety of states that particular elements can be
found separately and as a whole with high frequency and
speed. The number of object classes, classes of relations in
the distinguished objects are relatively small. That's why
most of messages in the system of air defense can be
reduced to relatively small number of message types with
well-defined patterns. Some structures of these patterns
introduced with administration decisions - order,
instruction, agreement or others applied for different
reasons become information standards.
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Abstract: The paper deals with the NEC education support by the LMS Moodle at the Communication and Information
Systems (CIS) Department of the University of Defence (UoD) in Brno. The experience in usage of the CIS Department
Moodle is described. The proposal of the possible coalition approach can create a discussion about this important and current

topic.
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1. INTRODUCTION

The contribution is oriented on the NEC
education importance, the possibility of its support
by the means of modern information and
communication technologies (ICT) and the necessity
to overcome the national points of view with the aim
to see these problems from the coalition point of
view. The authors mean that the discussion about
this topic can bring valuable ideas for the work of all
teachers who are responsible for teaching not only
NEC topic, but many other subjects.

The main goal of the paper is to introduce the
proposal of the NEC education ICT support at the
University of Defence in Brno, Czech Republic. The
necessity of moving to the coalition solution is
included. The authors emphasize some methods and
tools which are based on IT and, from the authors’
point of view, could shift educational process
oriented on NEC to the higher level.

2. UNIVERSITY OF DEFENCE AND ITS
PARTICIPATION IN NEC EDUCATION

In accordance with University Law of the Czech
Republic, the University of Defence (UoD) in Brno
[1], Czech Republic is a state university. It was
established on September Ist, 2004 and included
three former Czech military colleges — Military
Academy in Brno, Military University of the Ground
Forces in Vyskov and Jan Evangelista Purkyne
Military Medical Academy in Hradec Kralove.
Nowadays the UoD is the only military university in
the Czech Republic and it consists of three faculties.
These are: Faculty of Economics and Management,
Faculty of Military Technology and Faculty of
Military Health Sciences. The authors of the paper
work at the Faculty of Military Technology (FMT),
Department of Communication and Information
Systems (CIS).

The main goal of the UoD is the dissemination of
learning, development of reasoning and independent
scientific research in the areas vital for the security
of the Czech Republic and accomplishment of its
commitments to the NATO Allies. The spheres of
activities at the UoD are aimed at education and
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training of military professionals for the needs of the
Czech Armed Forces (CAF) and scientific activities
in favour of the Ministry of Defence (MoD).

Educational and training processes at the UoD
are primarily focused on military problems. Students
are trained to be independent, creative, persevering,
devoted, and well-disciplined. The humanitarian
subjects are taught with respect to their military
applications. Nevertheless, the graduate study
programmes are versatile and offer broad lifelong
use in military professional as well as civilian life.

The UoD provides education in accredited study
programmes and in branches which are structured to
ensure academic education in accordance with the
needs of the CAF requirements as well as civilian
institutions, research and industry. The university
offers accredited education in bachelor and
following master programmes, master programmes,
and Ph.D. study programmes (doctoral studies). The
UoD also provides many types of staff courses. It
should be emphasized that, compared to civilian
schools, military education at the UoD has a few
important differences. First of all, the UoD is
relatively small. The number of its graduates in
every specialization is lower than their number at
civilian schools. This situation is caused by
“customers’ demands” — i.e. by the MoD which
sticks to the CAF figures planned. Bearing in mind
future graduates’ positions, the subjects are partially
tailored for the future commitment.

The NEC education is an important task of the
UoD. Two main directions were selected. These are:
NEC education for the students of UoD and NEC
education for the academic staff of UoD. The
students have a new special NEC oriented subject
now and some NEC topics are integrated into
subjects of every study branch according to the
decisions of appropriate departments. The academic
staff has a special NEC oriented course prepared and
realised.

3. CIS DEPARTMENT APPROACH
The Department of Communication and

Information Systems (CIS) was established at the
Faculty of Military Technology on September 1st,
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2005 and has included two former departments —
“Department of Special Communication Systems”
and “Automated Command Systems and Informatics
Department”. The Department of CIS is divided into
five groups of specialists. These groups are oriented
on “radiocommunication systems”,
“telecommunication systems”, “information systems
and programming”, “computer networks and
operating systems” and “security of information”.
Department experts are members of NATO working
groups in the field of information systems, distance
education and computer modelling. The Department
of CIS is also involved in the educational project —
Cisco Networking Academy (CNA) — for network
specialists. Establishing a Cisco regional training
centre at the UoD, Department of CIS has enabled to
furnish department laboratories with needful
technical equipment. The project facilitates data
communication topics to be incorporated into
regular education. This education has a practical
orientation and, therefore, it enhances theoretical
knowledge.

The CIS Department takes care of the continuous
development in communication technology (CT) and
information technology (IT) for all students with
regard to the requests of Network Enabled
Capability (NEC) which includes an integrated
network interface and security of troops on
a battlefield.

Graduates of CIS Department are posted both in
the field of CIS administration of the MoD and
permanent networks on the country’s territory as
well as in foreign missions. It is of vital importance
to prepare them so that they are able to tackle
challenging situations independently and improvise
if necessary.

Nowadays the CIS Department also takes care of
the NEC education [2] in two following directions.
They are: UoD students’ NEC education and UoD
academic staff’s education. Appropriate content of
education and modern methods of teaching have to
be wupgraded regularly with respect to NEC
development. One of the main base stones of the
NEC education at the UoD could be the LMS
Moodle [3] using as the NEC education support tool.

3.1 Moodle Package

Moodle is a software package for producing
internet-based courses. It's an ongoing development
project designed to support a social constructivist
framework of education. Moodle is provided freely
as Open Source software (under the GNU Public
License). This is one of the advantages of Moodle,
because initial expenses are only in hardware
devices for system running. But this feature doesn’t
say that Moodle is only for small organizations and
small groups of students. The word Moodle was

originally an acronym for Modular Object-Oriented

Dynamic Learning Environment. The design and

development of Moodle is guided by a particular

philosophy of learning, a way of thinking that you
may see referred to in shorthand as a “social
constructivist pedagogy”.

Hardware requirements are very low. Moodle
can be installed on any computer that can run PHP,
and can support a SQL type database. It can be run
on Windows and Mac operating systems and many
flavors of linux (for example Red Hat or Debian
GNU). This is a typical Moodle installation:

e  Software web-server (administrators usually use
Apache, but Moodle can run on every web-
server with PHP),

e PHP 4.1.0 or higher,

e Database-server (MySQL or PostgreSQL is
recommended),

e LAN or internet connectivity.

Due to this fact, Moodle is a very powerful and
dynamic tool for education activities. It is based on
internet standards. As a client you only need a
computer, laptop or PDA with internet connectivity.
Moodle can operate on closed intranet university
sites as well as on open internet.

Figure 1 shows a typical Moodle installation.
Web-server with PHP support and database-server is
usually only one physical device with the
connectivity to a local network area or to the
internet. Separate web and database servers are also
supported (see Figure 2).
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MOODLE Server

WEB+Database Server

Local network / Internet

LA

Clients (Students/Teachers)

Figure 1 Typical Moodle configuration

MOODLE

WEB server
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Local network / Internet

o es

Clients {StudentsiTeachers)

Figure 2 Possible Moodle configuration

3.2 Moodle at the CIS Department

At the UoD, FMT, Department of CIS, we
decided to install and test the world-wide known and
recognised application Moodle in 2007. The
complete installation pack was downloaded from the
official web pages moodle.org. It was version 1.8 for
OS Microsoft Windows. A trial computer with
configuration Intel Pentium 1,8 GHz, 2048 MB
RAM, SATA hard drive 350 GB was selected for
installation of this software pack. The computer was
equipped with pre-installed OS Microsoft Windows
XP Professional. Unfortunately our institution
doesn’t allow a simple legal change of OS, that is
why this version was selected, rather than
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a prevailing version for OS Linux. The whole
installation took about half an hour. During the
installation a web server Apache supporting PHP 5
was installed on the computer, as well as the
complete MySql database. The installation process
also created a complete structure of tables necessary
for basic initialization and the run of the application.
For our installation we chose a mode where the web
server Apache and MySql database would run on
one computer only. The possibility of running these
two subsystems separately is also available.

After the installation it was necessary to perform
a basic configuration of the whole system. One of
the first actions was setting up the administrator’s
account. This is a user who has supreme powers in
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the application and is allowed to change all kinds of
settings. One of the major requirements was setting
up the administrator’s password. Great attention was
paid by the faculty’s department to the security of
the system. As a result, the whole system was tested
against real kinds of attacks and network abuse. The
thorough, in deed detailed, set up of administrator’s
account took about 3 hrs.

The next step was a detailed set up of the graphic
interface of the application. The whole system had to

and at the same time to appear balanced and
compact. We chose light and dark shades of green in
combination with blue color. Also the logo of the
application was re-designed. The logos of the UoD,
FMT, Department of CIS were placed on the initial
screen. This part of system configuration was most
time demanding out of the whole process. The
creation of the graphic layout and the designs of the
initial and log-in pages consumed three more days of
intensive work.

be adjusted to match the orientation of the faculty
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Figure 3 Main screen of the CIS Department Moodle
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Figure 4 Login screen of the CIS Department Moodle
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Figure 5 Administrator’s pages of the CIS Department Moodle

As the next step it was necessary to make the so
called Heart of Moodle beat. This is a PHP script
cron.php which needs to be launched in regular
intervals. This script performs a routine maintenance
of the application and ensures the above mentioned
heart beat. Typically, it controls discussion forums,
distributes regular emails and reports, erases inactive
user accounts etc. It is recommended to run this
script every 5-10 minutes. In OS Linux a feature
called “cron” is wused to run this script.
Unfortunately, OS Windows is not equipped with
such a feature. Although a function “Task
scheduler” can be used, but its capabilities and
reliability are quite limited. As a substitute for cron
feature in OS Windows an application MoodleCron
has been developed specially for Moodle.
Installation of this feature lasts only about 5 minutes.
The only thing left to configure is the interval
between running the cron.php script and the path
where the script is located. This feature is very
reliable and indifferent to the user logged in the
system and its requirements to the processor are
minimal.

Since Moodle is currently only in the testing
period when we are getting acquainted with it, the
option of manual creation of user’s accounts was
selected. Presently we are considering only minimal
operation of this application and only trial courses
for a limited number of students and teachers of
University of defence. The possibilities of this
application are, however, much wider. For
verification and logging of users almost any
database or commonly used and also more elaborate
systems like LDAP servers can be used. User
accounts can also be created using emails and POP3
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or IMAP protocols, including their safer variants
based on SSL/TSL. All these methods are more
practical for a bigger group of users. For safety’s
reasons we chose an option where even teachers
can’t create users accounts for their students, only
request their set up. The creation is then realized by
the Moodle administrator. This part of Moodle
configuration lasts about 2-3 hrs.

So far Moodle has been successfully running in
the University scale for a limited group of students
and teachers. Some basic types of courses are being
offered. Also the teachers themselves are only
getting acquainted with the application and with
what this software pack offers and what are the
possibilities of a real life with Moodle.

CIS Department would like to support the NEC
education by its LMS Moodle [4]. This task is
solved in the frame of the specific research project
of the CIS Department in 2008. The main goal is to
offer the study materials for the NEC education
online. The next goal is to give the possibility to
discuss these problems with the LMS Moodle of the
CIS Department support.

By the authors’ idea, it is necessary to solve
these problems:

e all participants should have own login and
password to connect to the central source of
information support for NEC (CSIS NEC),

e  CSIS NEC should be divided into preparation of
students and preparation of employees of UoD,

e CSIS NEC should support the usage of various
study materials (texts, images, audio files, video
files, etc),

e CSIS NEC should be ready for all non secret
materials,
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e CSIS NEC should provide discussion forum for
students and teachers (asynchronous
communication).

Because of the great experience with LMS
Moodle at various Czech universities and, of course,
at the CIS Department of UoD, the authors
recommend to use Moodle as the primary system for
the NEC support at the UoD in Brno.

4. FROM THE NATIONAL TO THE
COALITION FRAMEWORK

From the authors’ point of view the NEC
education calls for a coalition approach to this
problem. What base stones could the coalition
approach have? Some ideas are as follows:

e nowadays national approaches forming and
national strategy implementation should be
harmonized inside the NATO,

e education should be based on long time effects
orientation,

e coalition framework definition should be
exactly formulated,

e multinational educational concept [5], which
should be based on the multilanguage
environment, the respect to the various social
and cultural NATO members specifics, the help
for bridging the possible gaps in this field,

e some aspect of the European Net-Trainers
course [6] concept of education could be used,

e modern methods and tools based on computer
networks should be implemented.

5. CONCLUSION

The NEC education calls especially for close
cooperation of the NATO member states, proper
content selection, information sharing with respect
to social and cultural specifics of various nations,
modern educational methods using. Coalition NEC
education base stones should be discussed and stated
more precisely step by step.
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PARALLEL ENVIRONMENT
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Abstract: CUDA (Compute Unified Device Architecture) is a successful and promising implementation of unified
architecture. CUDA simplified the development of parallel, general purpose applications on graphics accelerators and
expanded possibilities of parallel processing. We are presenting a brief description of fundamental elements of this

architecture.
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1. INTRODUCTION

GPU (Graphics Processing Unit) is a parallel
computing tool for general purpose computing. A
programmer does not need to use graphics APIs
(Application Programming Interface). Graphics
APIs make general purpose computing possible on
GPUs, but it is a difficult way full of constraint
rules. CUDA is a new architecture for general
purpose computing that can achieve results with
reasonable amount of effort [1]. CUDA has been
developed by nVidia to support general purpose
computing on the graphics hardware. CUDA can be
used on graphics accelerators which include the
G80, G92 and other future chips based on the
unified architecture. Some of GeForce and Quadro
products belong to this category. Tesla products
have been developed especially for the general
purpose computing [10]. This new approach has
significantly simplified the development of general
purpose applications on GPUs. Price of this solution
makes graphics accelerators available on desktop
PCs and we can assume a wide spread adaptation of
CUDA architecture among the developers.

2. G80 ARCHITECTURE

G80 is a chip developed by nVidia and it is an
implementation of the unified architecture. Unified
architecture is an architecture standardized by
DirectX 10 [6]. Unified architecture has integrated
processing of the elements in computer graphics. In
addition, it brings possibility to use graphics
hardware for the wide variety of applications, not
just for computer graphics. The chip can be divided
in to two main sections. The first, the main part, is
the core of the chip and the second part is called
Lumex Engine. Lumex Engine is responsible for
texture filtering, antialising, HDR and other
processing. Chip G80 is trying to fulfill the concept
of unified architecture as close as possible [4]. The
core of the chip (Fig. 1), consists of 128 independent
stream processors (SP). These stream processors run
at an astounding 1.35GHz. Stream processors are
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grouped in 8 blocks and each block consists of 16
processors. Each block can use its own four texture
addressing units (TA), eight filtering units (TF) and
shared cache memory (L1). Each main block
includes two shader processors (SHP) (one shader
processor = eight stream processors). Each block has
an access to any shared cache memory (L2) and to
the six general purpose registers (GPR) [5].

Input Assembler

TP

L2 |

Fig. 1. G80 architecture

Shared memory model is useful for parallel
processing of data with shader processors. Different
versions of graphics accelerators have different
number of stream processors. The number of
processors described here belongs to the Tesla
category. Stream processors are independent and
they can be turned off (graphics accelerator will stay
functional) in case of malfunction or manufacturing
of the chipper model.

Data are converted to the 32 bit floating point
format in input assembler. Thread processor (TP)
sorts processing threads and also optimizing the
payload.

Each stream processor can process two scalar
operations within every clock cycle. The overall
performance is around 520 gigaflops according to
nVidia. G80 is a fully scalar processor. Each stream
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processor is a classical ALU (Arithmetic Logic Unit)
capable of processing floating point data. In fact, it
means that processor is suitable for general purpose
calculations. Processing of one processor is
independent of the others. One part of G80 may
process results and the other can take care of
visualization. The output of one processor can be the
input of the other.

Memory subsystem has a new management
circuit. Memory bandwidth is 348 bits. Memory is
implemented as the GDDR3 modules.

New graphics chip produced by nVidia
introduced a lot of innovations which significantly
raised the chip’s complexity. The chip consists of
the 681 million transistors, in contrast to modern
desktop PU Central Processing Unit) (154 million
transistors in AMD Athlon 64 X2 or 589 million in
Intel Kentsfield).

3. CUDA ARCHITECTURE

CUDA can be integrated in to the existing IT
environments. CUDA comprises a software
development kit and a C compiler. The C compiler
is integrated in to the well known environment. This
solution is compatible with x86 and x64
microprocessors produced by AMD/INTEL under
Linux and Windows operating systems. Graphics
accelerator (DEVICE) is interconnected with a host
system (host) over PCI EXPRES x16 (Fig. 2). The
speed of this interconnection is 8 GB per second
(4GB/s upstream and 4GB/s downstream).

CUDA expands usage possibilities of general
purpose computing on GPU. GPU is, in this case
parallel coprocessor. GPU processes large sets of

DEVICE

PCI Express

parallel data. CPU is taking care of management,
presentation and organization of computational
process. Complex datasets are divided into smaller
independent parts and they are processed with the
same instructions. In other words, data can be
processed simultaneously. CUDA consist a few
basic components. These components are taking care
of parallel processing of data. These components
are:. CUDA driver, CUDA API and CUDA
mathematical libraries (CUBLAS and CUFFT) (Fig.
3). C compiler significantly simplifies the process of
development of parallel applications. A developer
can be fully focused on the development of an
application. He does not need to adapt a problem to
be realized on graphics API. Developer can build
CPU and GPU code as one consistent entity.
Expansion directives show to the compiler which
part will be processed on the GPU and witch part on
the CPU. First, code is compiled with CUDA
compiler for GPU and than with standard C
compiler. This programming model allows us to use
the code on different versions of graphics
accelerator. Programmer does not need to know how
many stream processors are engaged. Realization of
the GPU program looks like this. Program is
executed on the host system. CUDA driver
automatically executes code on GPU. The CPU
partf program communicates with the GPU part
through high-speed interface. ~Communication
between CPU and GPU is realized with special
operations in a driver. The management of
computational resources is not in care of a
programmer. CUDA combined with massively
parallel GPU brings the acceleration to applications
which need parallel computational power.

CPU

[ Intel Pentium 4 ] HOST

8.0 GB/s

6.4 GB/s

x16

GPU

x1

PCI Express

8.5 GB/s

2.0 GB/s

Serial ATA

[ HD Audio ] [ WLAN ]

Fig. 2 Graphics accelerator and host system
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CUDA Applications

CUDA Libraries
CUFFT, CUBLAS

CUDA API
CUDA Driver

Fig. 3. Layered model of CUDA

3.1 COMPOSITION OF PARALLEL
COMPUTATION WITH CUDA

Thread is a basic element of parallel processing
of data. Overall dataset is divided to threads.
Threads are grouped and the parallel program
(kernel) is applied to the groups and process results.
We can obtain an efficient acceleration with
thousands of threads in process. Block is a group of
threads which can effectively cooperate and share
data through the shared cache memory. Threads in
the same block are processed with one kernel. Each
thread in the block has its own ID. In other words,
ID specifies location of thread in the block. In case
of thread location is the block considered as 2D or
3D array. (x+Dx) is ID of the thread which is on
(x,y) position in 2D array. (x+yDx+zDxDy) is ID of
the thread which is on (x,y,z) position in 3D array.
The count of threads in block is limited, but it is
possible to group blocks which have the same
dimension and are processed by the same kernel.
This group of blocks is called grid. Thanks to grid
we are not limited with the block capacity. Each
block in the grid has its own ID. The indexation of
blocks within the grid is alike to thread indexation in
block (Fig. 4).

3.3 MEMORY MODEL OF CUDA
ARCHITECTURE

CUDA architecture uses shared memory model.
Expansion directives allow memory transfers
between the HOST and the DEVICE. Local shared
memory and registers help to keep memory
operations on the chip. The memory of the graphics
accelerator is divided to different parts. The local
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Thread || Thread || Thread
(0,0) (1,0 (2,0)
Thread || Thread || Thread
(0,1) (1,1) (2,1)
Thread || Thread || Thread
(0,2) (1,2) (2,2)

Fig. 4. Batching of threads and blocks

BLOCK(0,0)

|

Fig. 5. Memory model of CUDA architecture

memory and registers are used for the local thread
operations. The shared memory is used for
communication among the threads. The global
memory is used for the communication among the
blocks and grids. Threads have an access only to the
DRAM memory of DEVICE through the following
mechanisms (Fig. 5) [2]:

e Read-write per-thread registers,
e Read-write per-thread local memory,
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Read-write per-block shared memory,
Read-write per-grid global memory,
Read-only per-grid constant memory,
Read-only per-grid texture memory.

Multiprocessor M
Multiprocessor 2

Multiprocessor 1

| Registers | | Registers |

| Registers |

Processor 2 Processor
M

XXX}

Processor 1

1X4 Aphp

Device Memory

Fig. 6. Hardware Implementation of CUDA architecture

Thread does not have an access to the HOST
memory. If we need to access this part of the
memory, data are copied to the global memory of
DEVICE. The opposite transfer is also possible.
CUDA offers the common memory model. Read and
write memory operations on DEVICE are alike on
the HOST. The shared memory model brings
acceleration of memory operations and it makes
thread communication more efficient. According to
that, the application becomes less dependent on
DRAM bandwidth.

3.3 HARDWARE IMPLEMENTATION OF
CUDA ARCHITECTURE

DEVICE is implemented as the group of
multiprocessors (Fig. 6). Each multiprocessor is
SIMD (Single Instruction Multi Data) architecture.
The multiprocessor processes the same instruction
every clock cycle, but on the different data. Each
processor has few different kinds of memory spaces:

e Local 32bit registers for each processor.

e Shared parallel cache shared by all
processors. It implements shared memory
space.

e Constant memory shared by all processors. It
implements read only memory space.

e Texture cache shared by all processors. It
implements read only memory space.

3.4 EXECUTION MODEL OF CUDA
ARCHITECTURE

Grid is processed by the DEVICE. Each
multiprocessor processes batches of blocks one
batch after another. A block is processed by only
one multiprocessor. Memory operations stay local
and that fact accelerates whole process. The number
of blocks which multiprocessor can process depends
on the number of registers and shared memory
required. If there is not enough memory, kernel will
fail to launch. The blocks that are processed in one
batch by one multiprocessor are called active. Each
active block is split to two SIMD warps. Each warp
contains the same number of threads. The order of
warps is not set, but their execution can be
synchronized. The order of blocks within a grid is
undefined. There is no synchronization between the
blocks. Threads from different blocks of the same
grid cannot safely communicate with each other [3]

[2].

Public 1Gbps

Private 1Gbps

Fig. 7. Possible integration of graphics accelerators to the cluster environment
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4. GRAPHICS ACCELERATOR
INTEGRATION TO THE PARALLEL
ENVIRONMENT

Massively  parallel power of  graphics
accelerators is not their one and only advantage. For
example, integration to the parallel environment like
computer cluster is also possible. Integration of
these accelerators adds another level of parallelism
to the cluster.

CUDA programming model simplifies the
process of management and synchronization in
parallel computation. Each cluster nod would be a
HOST for graphics accelerator. Overall computation
can be divided in to several parallel levels. We can
possibly face several problems such as the platform
unification for all included hardware, finding the
proper algorithms for computation on this hardware
platform and others. The bottleneck of this
acceleration is memory operations (between GPU
and CPU) latency. During the process of searching
for proper algorithms we need to consider the time
of realization and communication that the
computation consumes and then decide which part
will be realized on GPU instead of CPU (Fig. 7). In
this environment we have to consider multi-
paradigm approach [8]. A multi-paradigm language
provides an opportunity to a user for exploiting more
programming methodologies. It simplifies the
language syntax, and extends the application areas
by the extended semantics. That is why multi-
paradigm languages can align a problem in wider
application areas and more flexibly than that based
on a single paradigm [9].

5.  CONCLUSION

Unified  architecture =~ brought  significant
innovations to the High Performance Computing
world. Graphics accelerators are not just graphics
processing tools anymore. G80 and CUDA are one
of the promising implementations of unified
architecture. ~ CUDA  simplified process of
development of general purpose parallel
applications. These applications have now enough
computational power to get proper results in a short
time. In the future we can expect progress in the
field of standardization in this area and growth of
power of graphics accelerators. In addition, we can
expect progress in applications that use graphics
accelerators as a computational tool [7].
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ROZHODOVANIE A SYSTEMY NA PODPORU ROZHODOVANIA
VO VOJENSTVE

DECISION MAKING AND DECISION SUPPORT SYSTEMS
IN MILITARY ENVIRONMENT

Milan SOPOCI

Abstrakt: The contribution speaks about decision — taking and decision — making process in military enviromment. In the
concrete cases presents decision support systems which were created on the base computer’s software, by teachers and

students of Air Defence Faculty.

Keywords: decision, decision making, decision-support systems, military environment.

Rozhodovanie mozno definovat, ako vyber
urCitej alternativy. Rozhodovanie je jadrom
planovania, bez neho nie je mozné zostavit' plan
o rozdeleni zdrojov, ¢i o spdsobe uritého postupu
alebo ¢innosti. ManaZzéri povazuju rozhodovanie za
svoju hlavni pracu, pretoze musia nepretrzite
rozhodovat’ o tom, ¢o je potrebné urobit, kto, kedy
a kde to ma urobit. Rozhodovanie sa stava sucastou
kazdodenného Zivota ¢loveka [1].

Pravdepodobne ani v jednej oblasti nie je
rozhodovanie také narocné, zlozité a s dosledkami,

ako rozhodovanie v $pecifickom — vojenskom
prostredi.  Chybné  rozhodnutie  vrcholového
manazéra — velitela moéze znamenat obrovské

materidlne iludské straty a v konecnom doésledku
zmarenie operacie, ¢i prehru v ozbrojenom
konflikte. Prave v ozbrojenom konflikte rozhodnutie
ovplyviuju také faktory akymi su :

= Casovy faktor — rozhodnutia v boji sa
mnohokrat nemeraju v ditoch a hodinach,
ale minutach a v sekundach, pod casovym
tlakom,

* informacny faktor — velitel Casto nema
dostatok podkladov a informacii
k rozhodnutiu améze len predpokladat
velkost’ arozmiestnenie sil protivnika,
jeho zamysel a sposob ¢innosti,

= faktor prostredia — velitel’ si nemdze vybrat
miesto bojovej ¢innosti, ale toto je dané na
zaklade vysledkov predchadzajucich bojov
alebo operacii,

= animacny faktor — niektoré postupy
arozhodnutia sa nedaju namodelovat
a overit’ simuléciou, ich platnost’ je mozné
preverit’ len v boji.

Uvedené faktory znamenaji, ze manazér
— velitel' sa musi zmierit' s obmedzenim, respektive
s hranicami racionality. To znamena, Ze napriek
snahy manazérov — velitelov je racionalita ich
rozhodovania ohranicena obmedzenymi
informéciami, ¢asom a neurcitost'ou budicich

situacii [2]. Velitel’ preto musi viac nez ktorykol'vek
iny manazér brat’ na seba zodpovednost’ a riskovat.
Hovorime, Ze racionalita ich rozhodovania zahriuje
v sebe aj urcitt mieru rizika.

Samotny rozhodovaci proces, ¢i uz v armadach
NATO, alebo varmadach byvalej VarSavskej
zmluvy je priblizne rovnaky [Obr. 1].

NajdolezitejSou a zaroven najzlozitejSou Cast'ou
rozhodovacieho procesu je priprava alternativ pre
rozhodnutie. Spravidla zahriiuje pripravu dvoch az
troch alternativ pouzitia vlastnych sil a podobne
dvoch az troch alternativ pouzitia sil protivnika.
Porovnanie kazdej alternativy pouzitia vlastnych sil
skazdou alternativou pouzitia sil protivnika
umozinuje vybrat velitelovi optimalnu alternativu,
ktora umozni dosiahnut’ dany ciel. Tato volba
predstavuje  kone¢ny bod rozhodovania. Pri
posudzovani jednotlivych alternativ pouzivaju
manazéri — velitelia kvantitativne a kvalitativne
kritéria. Medzi kvantitativne kritérid patri napriklad
pomer vlastnych sil asil protivnika vyjadreny
po¢tom vojakov, lietadiel, raketovych kompletov,
tankov, diel a podobne, obidvoch stran. Kvalitativne
kritéria st také, ktoré je obtiazne alebo dokonca
nemozné vyjadrit numericky, ale ktoré mozu
vyrazne ovplyvnit' vysledok ozbrojen¢ho zapasu.
Medzi takéto kritéria mozno zaradit' napr. moralnu
silu vojsk, teoreticki pripravenost a vycvicenost
vojsk (pre urcité kvantitativne vyjadrenie tohto
kritéria napr. Napoleon hodnotil pluk Starej gardy za
tri bezné pluky).
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Ujasnenie ulohy

A 4

Zhodnotenie situdacie

y

Priprava alternativ
pre rozhodnutie

y

Prijatie rozhodnutia

A 4

Priprava a vydanie
potrebnych dokumentov

Obr. 1 Schéma rozhodovacieho procesu

Samotny vyber optimalnej alternativy sa
spravidla uskuto¢iuje na zaklade [1]:

—  skusenosti,

— experimentov,

—  vyskumu a analyzy.

1. Skusenost’ — pri rozhodovani casto skiisenost’ hra
pravdepodobne d’aleko vacsiu ulohu nez si
zaslizi. Cim vacsiu skusenost manazér — velitel
ma a ¢im vyssiu funkciu zastava, tym je tento
postoj vyraznej$i. Tento pristup, ako historia
dokazuje moze byt ale velmi nebezpecny
a v pripade pouzitia novych bojovych systémov
a metdd vedenia boja uplne nepouzitel'ny (napr.
nasadenie jazdeckych zvizov a zvdzkov marsala
Bud’oného proti tankovym zvdzkom generala
Guderiana na zaciatku 2. svetovej vojny). Na
druhej strane pri pouziti modernych vedeckych
metdod moézu byt skusenosti vhodnym
a uzitoénym prvkom rozhodovania.

2. Experiment — experimentalne techniky patria
medzi najnakladnejsie a vo vojenskom prostredi
ich vyuzivali napr. velmoci na overenie
ucinnosti  novych  bojovych systémov
a sposobov ich bojového pouzitia (napr. vo
vojne  Izraela  proti  arabskym  Statom
v r. 1967 — 1973, ZSSR na strane arabskych
Statov testoval proti izraelskym lietadlam F - 4
Phantom a Skyhawk, nové protilietadlové
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raketové komplety SA — 6, Gainfull — 2K12
Kub). V podmienkach bezného rozhodovania na
taktickej alebo operacnej urovni je experiment
prakticky nemozny.

3. Vyskum a  analyza — patria medzi
najefektivnejSie  techniky pouzivané Coraz
castejSie nielen pri vyznamnych rozhodnutiach,
ale aj pri beznom rozhodovani na taktickej
urovni. Prave tu nachadzaji uplatnenie metody,
ktor¢ sa  vyraznou  mierou  zasluzili
o skvalitnenie rozhodovacieho procesu. Medzi
najznamejsie patria operacny vyskum a systémy
na podporu rozhodovania zaloZzené na
modelovani a simulacii s vyuZzitim pocitacov.

Opera¢ny vyskum kladie doraz na definovanie
problémov a ciel'ov, zber a vyhodnocovanie udajov,
vyvoj atestovanie hypotéz, urCovanie zavislosti
medzi  uritymi  Cinnostami ana  urcenie
predpokladov a zaverov vychadzajicich z hypotéz
[1]. Opera¢ny vyskum aplikovany v oblasti
rozhodovania mozno charakterizovat’ nasledovne :

— kladie doéraz na modely - logické

vyjadrenie reality alebo problému,

— kladie doraz na ciele v danej oblasti
aurenie kritérii efektivnosti pre urCenie
toho, ¢i je uréité rieSenie na dosiahnutie
tychto ciel'ov vyhodné,

— kazdy model zahrfiuje minimalne tie
premenné, ktoré su dolezité z hladiska
rieSenia problému,

— meni model ajeho premenné, obmedzenia
aciele do matematickej formy tak, aby to
bolo mozné riesit’ kvantitativne, hodnotami
jednotlivych velicin,

—  kvantifikuje premenné
reSpektujucom realne podmienky,

— vpripade, Ze nie st k dispozicii
determinované Udaje, vyuziva matematické
alebo Sstatistické  prostriedky, ako je
pravdepodobnost’, ktoré umoziuju rieSenie
s dostato¢nou spol'ahlivostou.

Z uvedenych charakteristik ma najvacsi vyznam
matematické modelovanie.

Systémy na podporu rozhodovania pouzivajuce
pocitate  ulahcuju manazérom - velitelom pri
rozhodovani na vSetkych urovniach riadenia,
strategickom, operacnom i taktickom. Uvedené
systémy neboli vyvinuté preto, aby nahradili nazor
velitel'a, ale aby ho podporili a urobili tak proces
rozhodovania  efektivnejsim.  Umoziuji  tiez
velitel'om rychlo reagovat’ na meniacu sa situaciu. Je
jasné, Ze tvorba uvedenych systémov vyzaduje
dokladné poznanie procesov iobjektov riadenia.
Siroké spektrum textovych editorov, tabulkovych
procesorov,  grafickych  systémov  a databaz
umoziiuje odbornikom  vytvarat software —
programy, ktoré su dnes samozrejmou

v rozsahu
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a neoddelitel'nou stcastou rozhodovania
v armadach NATO i d’alsich vyspelych krajin.

Pri pohl'ade spit’ mozno dnes smelo konstatovat’,
7ze vtejto oblasti medzi priekopnicke krajiny
aarmady patrilo  Ceskoslovensko  a v ramci
vzdelavacieho systému v byvalej Ceskoslovenskej
I'udovej armade to bola Vysoka vojenska technicka
$kola v Liptovskom Mikulasi (VVTS). Uz koncom
70. a zaGiatkom 80. rokov prof. Zik vytvoril
projekt umoziujuci hodnotit’ efektivnost’
protivzdusnej obrany hlavného mesta Prahy
protilietadlovymi raketovymi komplexami S-75
Volchov, S-125 Neva aS-200 VEGA, pri
variabilnom  pouziti  prostriedkov  vzdusného
napadnutia protivnikom [3]. Prelom v tvorbe
programov zameranych na podporu rozhodovania
znamenalo masové zavedenie osobnych pocitacov
na pracoviskach VVTS v druhej polovici 80. rokov.
Vtejto dobe vznikd program doc. Lepoéta
Radiolokacné pole pre potreby Radiotechnického
vojska [4]. Projekt umoznoval na zaklade
digitalizovaného modelu terénu hodnotit’ dosahy
vSetkych typov radiolokatorov, ktoré boli vo
vyzbroji RTV z postaveni radiolokacnych hlasok,
moznost  prekrytia  dosahov  radiolokatorov
metrového, decimetrového a centimetrového pasma,
uréenie priestorov bez radiolokacnej viditelnosti
amoznosti ich vykrytia pouzitim mobilnych
radiolokatorovych prostriedkov .

Prakticky v rovnakom obdobi vznikol projekt prof.
Sopociho Optimalizacia PVO pre potreby vojska

Y2 START - PVD

Optimalizacia bojovych zostaw PLREU

$lovenske suradnice

auvne
stupy.... lypocty. ...

protivzdusnej obrany pozemnych vojsk (PVO PV)
[5]. Opdt na zaklade digitalizovaného modelu
terénu umozioval zobrazovat branené vojska
a objekty, na zéklade zvolenych kritérii umoznoval
optimalizaciu ~ vyberu  palebnych  postaveni
abojovych zostdv jednotick, utvarov a zvidzkov
PVO PV, vypocet a zobrazenie priestorov nicenia
pre rozne vysky, rychlosti a odrazové plochy ciel'ov,
moznosti  centralizovaného  riadenia  palby
podriadenych jednotick a moznosti vytvarania
zmieSanych zoskupeni z r6znych typov
protilietadlovych raketovych kompletov. Obidva
uvedené programy boli v prvej polovici 90. rokov
inovované zddvodu organiza¢nych zmien,
modernizacie vyzbroje a predovSetkym nového
hardwaru a opera¢nych systémov v po¢itacoch.

Na uvedené programy v druhej polovici 90.
rokoch nadvédzuje projekt kpt. Gereca, ktory
umozioval hodnotit’ vysledok stretu letectva
protivnika s prostriedkami ~ PVO [6]. Graficky
inumericky vyjadroval postavenia prostriedkov
PVO, priestory zistenia a nicenia cielov palebnych
jednotiek, zoskupenie lietadiel v nalete, trasy cielov,
bojové charakteristiky prostriedkov letectva i PVO
avysledok stretu (poCty zniCenych lietadiel
a prostriedkov PVO).

Pri projekte Optimalizacia PVO sa zastavim
podrobnejsie.

Samotny projekt ma 3 hlavné casti: vstupy,
vypocty a archivaciu.

Obr. 2 Optimalizacia bojovych zostav PLRV
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Vstupy znamenaju zadanie vstupnych informacii o:
« postaveni branenych vojsk a objektov;
e druhu PLRK ur¢eného na PVO vojsk a objektov.
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Obr. 3 Postavenie vojsk a objektov

Postavenie branenych vojsk a objektov vyzaduje zadanie stradnic X, Y zaciato¢nych a koncovych bodoch
charakterizujucich postavenie vojsk v teréne.

Y2 START - PVD [_ O]
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Obr. 4 Urcenie suradnic predného okraja vojsk

Vyber PLRK pre obranu vojsk a objektov vyzaduje uréenie poctu PLRK pre mobilné PLRK (2K12) alebo
urcenie suradnic X, Y pre stacionarne PLRK (S-300PMU).
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Obr. 5 Vyber prostriedkov PVO k obrane vojsk a objektov

Vypoéty umoziuju vyuzit' ast’ ,,Optimalizacia®, ktora riesi vyber palebnych postaveni a tvorbu bojovych
zostav jednotiek a utvarov PVO, alebo cast’ ,,Centralizacia®, ktora riesi vyber postaveni pre velitel'ské stanovistia
z hl'adiska max. dosahu RL prostriedkov a vyuzitia ASV pre centralizované RP.
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Leg. HNE FUP Howve pos. n. Optin. Centr. Honiec Kody ter. Uyber ALT-Stac.

Obr. 6 Zobrazenie postavenia vojsk a bojovych zostav PVO
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Obr. 7 Zobrazenie zostav Gtvarov PVO po optimalizacii velitel'skych stanovist

Pre realizaciu vypoctov bola vytvorena digitdlna mapa terénu Specidlne pre vojsko PVO, ktora okrem
suradnic X, Y, H zahriuje aj informéacie o 10 druhoch terénu.
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Obr. 8 Jednotlivé kody digitalizovaného modelu terénu
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Samotny vypocet sa realizuje vzdy pre urity naletovy smer, vysku, rychlost’ a efektivnu odrazovt plochu
cielov.

Hodnotenie - optimalizacia vyberu postaveni sa deje na zaklade zvolenych kriterii, ktorych je 5 pre palebné
postavenia a 3 pre velitel'ské stanovistia.

UYBER OPTIMALNEHO POSTAUVENIA =Z2.BATERIE PRE 3. ZUAZOK (MDD} FODLA KRITERII:

SURADNICE : KRITERIUH

o1 y vyska: DZo gy DzyNs - [ PR

Uz 4548 5468 o o o 376 .37 117 .53
U3 4540 5468 o o o 370 .09 114 .04
U3 4546 5472 o o o 310.75 8z .25

U3 4545 5463 . . . 441 .14 154 .86

U3 4545 5464 . . . 435 .58 151.58

EHMTER - ulozenie baterie ine Zuradnice Tlac Huholnikowva metoda EEC - koniec

Obr. 9 Navrh optimalnych postaveni jednotieck PVO

Vysledkom je navrh jednotlivych postaveni a bojovych zostav aj s vypocitanymi parametrami.
-
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et
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Obr. 10 Optimalizovana zostava utvaru PVO
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Obr. 11 Parametre optimalnych postaveni jednotiek Gitvaru PVO

b,
oy

rd

/% MOCHOVCE i} At

Obrazok 3 — Mozny variant PVO najdélezitejSich objektov Statnej dolezZitosti

Vypocet bol realizovany pre nasledujuce parametre:

-H, =500 m,
-V, =300 m/s,
- Sef =1 m2.
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Obr. 12 Priestory ucinnej pdsobnosti jednotiek PVO po optimalizacii

Samotny vypocet je rychly a zabezpeCuje vysledky
potrebné pre rozhodnutie velitefov v priebehu
niekol’kych sekiind, max. mintt. Je paradoxom, Ze
najvacsie problémy ma dany projekt s vyberom
vhodného pocitaca, resp. procesoru, ktory je v iom
pouzity. Sancu nemaji PC poslednej generécie
s extrémne rychlymi procesormi, atak uplatnenia
maju starsie typy PC.
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Vicsina uvedenych programov nasla uplatnenie
nielen v skolskych podmienkach, ale aj u vojsk.
V ramci cviceni 3. zL a PVO aneskor velitel'stva
Vzdu$nych sil sa vyuzivali programy RL pole
a Optimalizacia PVO. V priebehu medzinarodnych
cviéeni ,,Spolo¢na sila“ sa na hodnotenie
efektivnosti PVO pouzival program ,,Hodnotenie
vysledkov ...““. Do podkladovych materidlov velitel'a
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Vzdusnych sil pre audit VzduS$nych sil vyborom
NATO pre PVO (NADC), boli pouZzité vypocty
programov RL pole a Optimalizacia PVO. Vsetky
programy vznikli na Fakulte PVO, ktora bola
novatorom v tejto oblasti a ako jedind sa dokazala
svojimi produktmi presadit’ aj uvojsk. Naviac
uvedené programy zniesli aj najprisnejsie kritérium
pri porovnani s podobnymi projektmi pouzivanymi
v armadach NATO.

Na zaver by bolo mozné postavit’ otazku ako
dalej. Ak pri predstaveni programov nezostalo
miesto pre niektoré druhy sil, tak len preto lebo
v tejto oblasti nebolo ni¢ vytvorené. V buducnosti by
bolo potrebné nadviazat' na uspe$nii spolupracu
VVTS s letectvom a PVO avelenim jednotlivych
druhov sil, jasne definovat’ ciele a poziadavky v tejto
oblasti. Pre Akadémiu ozbrojenych sil by to
v budicnosti mala byt jedna z prioritnych tloh,
podobne ako je to v ostatnych armadach vyspelych
krajin.
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Summary: The contribution speaks about decision-taking
and decision-making process in military environment. In
the concrete casees presents decision support systems
which were created on the base computer’s software, by
teachers and students of Air Defence Faculty.
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