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Abstract:

Introduction/purpose: Based on the binomial distribution of the probability
density function, a new probabilistic model for aircraft position predicting is
presented in this paper.

Methods: The proposed algorithm is composed of three different blocks:
Data Association, Tracking/Hybrid State Estimation and Calculation of
Probability of Conflict. The information about aircraft current positions and
flight plans is used to derive an algorithm for detecting possible confiicts
between aircraft. The situations where aircraft may come closer than a
certain distance to one another are predicted with high probability. The
position estimate and indeterminacy refer to target association when two
tracks fall in a validation region by using the Probabilistic Data Association
Filter.

Results: An efficient collision detection algorithm is designed and tested
for a lot of multiple target tracking.

Conclusion: The simulation results of aircraft conflict prevention in two
trajectory scenarios verify the efficiency of the proposed algorithm.

Key words: automatic control, probability, target ftracking, data
association.
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Introduction

Air collision is an aviation accident category defined as a collision
between aircraft in flight. The main aim of the air colision software tool
under development is to analyse radar data in order to identify all
proximate events (conflicts, potential conflicts, and potential collisions)
within a volume of airspace and time span, to classify them according to
various criteria into classes, to estimate the frequency of occurrence, and
to calculate the different parameters needed to estimate the probability of
aircraft being on a collision course and the probability of Air Traffic
Control (ATC) loop resolution failure. The identification and analysis of
potential conflicts is based on aircraft track association. Measurements in
track association identify when an aircraft is turning, changing its vertical
position or modifying its speed, so as to replace the full detailed track of
each aircraft with a number of potential positions, from one scan to
another.

Continued growth of air travel and recent advances in new
technologies for navigation, surveillance, and communication has led to
provide reliable and efficient tools to aid Air Traffic Control (ATC). The
ATC system is responsible for safe air traffic operations of both
commercial and military types. Standard multiple target tracking of wide
band maneuvering aircraft is based on Track While Scan (TWS) radar
data and Kalman filter processing (Blackman, 1986), (Challa et al, 2011).

To prevent aeroplane conflicts, many of Air Traffic Control (ATC)
systems resort to a two part process. In the first part, conflict detection is
performed by the following: the estimate positions of all aircraft which fall
into a validation region in the future, based on their current positions and
flight plan, are predicted, and they are compared so as to detect
situations of conflict. Once a conflict has been detected, the trajectories
of the aeroplanes involved in the conflict are re-planned in the conflict
resolution part. Conflict detection and resolution is actually given
consideration at three different levels of the ATC process, which differ in
the Euclidian distance over which conflict detection and resolution is
performed. They are Long Range (LR), Mid Range (MR), and Short
Range (SR).

Many methods are used to ensure safe distance. Bayesian inference
and Hierarchical structures are often used to develop statistical
estimation and prediction models (Valdés et al, 2018). Some authors
suggest a Brownian motion, in which the probability of conflict becomes
the probability that a Brownian motion escapes from a time-varying safe
region (Hu et al, 1999). An extensive study is performed with a model
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introduced to predict the aircraft positions along some look-ahead time
horizon, during which each aircraft is trying to follow a prescribed flight
plan despite the presence of additive wind perturbations to its velocity.
Based on the Markov chain aproximation, a method is introduced to
evaluate the criticality of the encounter situation by estimating the
probability of conflict, namely, the probability that the two aircraft come
closer than a minimum allowed distance at some time instant during the
look-ahead time horizon (Hu et al, 2005).

An algorithm, based on the Probabilistic Data Association Filter
(PDAF) algorithm for LR and MR conflict detection is then proposed and
its performances are compared by Monte Carlo simulations. The
proposed algorithm is composed of three different blocks: Data
Association, Tracking/Hybrid State Estimation and Calculation of
Probability of Conflict. The improved results of conflict detection
probability computation, using the PDAF method, are presented. The
proposed algorithm computes the maximum likelihood for all
measurements within the validation region, apropos the minimum statistic
distance calculated from measurements (target-originated, clatter, false
target-originated, etc.) within the gate and target estimate from the
previous data sequence.

The paper is organized as follows: after the introductory remarks,
the problem of formulation is given in Section 2. Section 3 presents the
probabilistic data association filter which is the first step of the proposed
algorithm. The description of the proposed conflict detection algorithm is
presented in Section 4. Finally, the simulation results of two aircraft
motion scenarios are presented in Section 5, which precedes the
Conclusion Section.

Problem formulation

Let us assume that two aircraft are flying at the same altitude along
the paths the intersection angle of which is time constant during flight and
that the probability density of aircraft collision has the Gaussian
distribution. The conflict detection algorithm in flight closeness of two
aircraft, based on the PDA algorithm, is presented. The probability of
conflict is calculated by the use of estimated states and weighting error
covariance updates. Aircraft conflict prediction is determined for the
duration of one radar scan, before aircraft collision. In our simulation, the
safety time is 5s.

Regarding the validation gate, a safety region is formed beside the
aircraft. This condition should be valid for the maximum speed of the
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conflict aircraft and the direction of vector speed of the observed aircraft.
When the conflict aircraft enters the validation region of the observed
aircraft, there is a probability of conflict of two neighboring aircraft at the
sample time k. Contemplate the situation for two aircraft flying at the
same altitude.

The problem considered is that of tracking a single target in clutter,
when the retrieval of two measurements fall in the validation gate. The
linear dynamical target state model is given by the following:

x(K) = F - (k= 1)+ G -w(k — 1) (1)
y(k) =H - x(k)+v(k) 2)

where F,G,H are the known matrices, w(k) and v(k) are independent,
zero-mean, white Gaussian noise processes with the covariance Q(k)
and R(k), respectively. At the time k, a set of m(k) measurements

Y(k)= {yi (k)}i"l(lk) is detected, where each measurement either originates

from one of n known linear measurement models or is a false detection,
where v(k) is a white, zero-mean Gaussian sequence with the known

covariance R(k). The sequences v(k) are mutually independent and
uncorrelated with the process noise w(k) .

Probabilistic data association filter

The PDAF is a suboptimal Bayesian algorithm that associates
probabilistically all the validated measurements to the target of interest
(Blackman, 1986), (Challa et al, 2011).

The PDAF method associates each validated measurement
probabilistic to the estimated track (Reid, 1979).

The case with two measurements in each radar scan is presented
(Fig. 1). Prediction computation is necessary for each target-originated
measurement, but only one measurement is the target.

The PDAF method assumes that there is only one target of interest
whose track has already been initialized.

The basic assumption is the normally distributed filter state
according to the latest estimates and the covariance matrix, and the
overall state of estimates and covariance is given by the weighted
average of all the measurements falling within the validation gate of the
target.
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Validation region of
reference aircraft

I Walidation region of
conflict aircraft

N 2(’?/
»le=1) 7

1

. 1
The trajectory of "L‘L-" 4
reference aircraft

The trajectory of
conflict aircraft

Figure 1 — lllustration of the PDAF with two measurements within the validation gate
Puc. 1 - Unnocmpauyus punbmpa 05 udeHmucgpukayuu 0aHHbIX 110 8eposimHocmu
(PDAF) c dsyms uamepeHusiMu eHympu nodmeepx0eHHO20 OKHa
Cnuka 1 - Unycmpauuja ¢punmpa 3a npudpyxusar-e nodamaka rno eeposamHohu
(PDAF) ca dsa mepera yHymap nomspheHoez npo3sopa

Assume that we have measurements at the sample time k. We
denote this set of measurements and the set of all cumulative sets up to
the time k, by the following assemblies, respectively (Bar-Shalom & Tse,
1975):

Y () = Y, (KD, Y (K)o s Vg | 3)

Y(k)=1{Y k), Y (k=1),--,Y(0)} (4)

Whence, the estimation of the Probabilistic Data Association method
is based on the latest set of measurements. The assembly of all possible
events, at the sample time k, can be considered as two, mutually
exclusive and exhaustive events:

H,(k)— none of measuremenst originated from the target
and
H,(k)—i" —mesurement is the target originated
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) _[Hy(k). =0
H; (k) = {H, k), H,(k)} = H, k), i=12,..,m(k) ©)

with the probabilities:

po (k) =P {Ho(|Y(K)}, =0

6
p(K) = P {H ([ Y ()}, i=12,..,m(k) ©)

pi(k)=Pr {Hi(k)|Y(k)}={

Explicitly, p,(k)+ p,(k)=1. The estimate is calculated using the
total probability theorem:

m(k) m(k)

k)= Ex@IY ()} = D EX(K),H, (), YR () = Y x (g (7)

i=0

R(k

where X;(k) is the update state conditioned on the event H, (k) that

Yy, (k) is the corect mesurement. From the Kalman filter, we have (Bar-
Shalom & Fortmann, 1988):

X, (k) = K(Kk = 1) + K (lr; (k) (8)

r(k) =y (k)—h-x (kk 1) )
where is the Kalman gain K(k), and the residual of innovation r,(k) at
the time K. After combining prior equations, get the update state:

%(k[k) = %(k[k = 1)+ K (k)r (k) (10)

And the weighted sum of residuals:
mck)
r()= > pi (k) (11)

i=0

The error covariance matrix is updated as:

273

Radosavljevi¢, Z. et al, Aircraft collision prediction based on binomial distribution, pp.268-292



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 2

P(klk) = p, (K)P(k—1)+(1— p, (K))P°(K|k)+ F~>(k\k -1) (12)

where P°(k|k) is given by:
Pc(k|k)=[| —KKHK)]P(k-1) (13)

and where P(k |k) is given by:

mck)

Pk = KLY py (0, (€)1 (k) =r(k)r(k)TK ' (k) (14)

The final step is combining the model-conditioned state estimate and
the covariance, according to the following equations:

m
x(kJk) = 3 a (k)% (k[K) (15)
i=0

where ¢;(k) is the association probability of the measurement vy, (k),
and xi(k|k) is the estimate associated with the i" measurement and

)?(k|k) is the overall estimate. The association probability in the
proposed algorithm is calculated by (Radosavljevi¢ & Musicki, 2011):

c(k)

mck) ’
c(k)+ iZlbi(k)

bj (k)
m(k) ’
c(k)+ Ybi(k)
=1

1=0.

a; (k) = (16)

i=1,2,...,m(k)

wnere. o) =0~ F(’E)PG) and b, (K) :PiN[ri;o,S(k)] |
D'G G

P, is the probability of detection, P, is the probability that a
measurement falls within the gate, V(k)is the validation region,
N(x; ;S) is the Gaussian noise process with means p and varinces S,
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r.(k) is the innovation, and S is the innovation covariance (Bar-Shalom
& Dale Blair, 2000).

Measurement validation and gating

A technique, which is sometimes called gating or measurement
within a validation region, is able to select which measurement should be
associated to the existing track. This track is our airplane. If we assume
that we already have one track and we receive new measurements, we
can assume that, in order to be able to associate measurements to the
track, they must be in the vicinity of the predicted track.

Thus, the validation procedure is able to use the residual from the

i measurement, the track ri(k), and the innovation covariance S. The

distance from the i™ measurement to the predicted position of the track
is calculated by (Hwang et al, 2003b):

d’(k) =" (K)S7'r (k) (17)

We assume that before tracking is started, the gate probability P
has been determined. We are able to obtain a quantity V,(k), using the

P, and jy’-tables. The probability density function of target
measurement is then given by the following expression

_d
V. (k) _e (18)
27 |S|

where V, (k) is a threshold such that d. <V, .

Aircraft conflict detection algorithm

Binomial distribution of aircraft conflict probability

The binomial probability distribution first considers Bernoulli. A
Bernoulli trial has only two outcomes - success or failure. To begin,
assume C and C are two mutually independent, exclusive and

exhaustive trials which happen at the either sample time, respectively, by
the following (Gad et al, 2004):
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P iCIY(K) (= z(k —conflict will occur
{,{()} (k) (19)

P.{C|Y()|=1-x(k) —conflict will not occur
If the total number of successes of both trials before the sample time

k is n®, then the probability that the trial z(k) is repeated 1 times is
given by the following equation

Pr{C = I(k)|Y(k)}= 7)) 1= 7 (K)] (20)

The appropriate distribution of probability is denominated binomial
distribution given by:

0 () _j (0

© (k)
Pc.CV 0l Y [nw J'ﬂk)'(” (=m0 s (21)
1) —o\

Therefore, the probability density function (pdf) of binomial
distribution is given by the following:

(K ) (k) _j (k)
pdf (I(k);n(k))z ”k ” R TS (22)
n(k)n® -1

is satisfying the total probability theorem, given in the formula. In general,
the mean and the variance of a binomial distribution with the parameters
n® and the probability of success z(k) are given by the following
equations (Karlsson, 2002):

s (k) =) 7 (k) (23)

o(k)? =n® . z(k)-[1- 7(Kk)] (24)
respectively.

Conflict detection approach

Suppose y,(k),y,(k) are the measurements originating from the
conflict and the observed aircraft arriving during the sample time,
respectively. The true distance between the observed aircraft and the
conflict one can be defined as absolute difference |y,(k)-y, (k)| . Based
on the true distance of the two aircraft, we can define the true probability

of conflict as the relative ratio of safety distance and true position
distance, which is given in the following (Bar-Shalom & Li, 1999):
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o (k)2 =n® . z(k)-[1- 7 (k)] (25)
Similarly, if %,(k|k—1),% (k|k 1) are the estimate positions of the

conflict and observed aircraft, we can define the estimate position
distance as the absolute difference |%,(k|k —1)—)21(k|k—1)|. On the other

hand, in the theory of aircraft conflict, it is necessary to satisfy the
condition of safe statistical distance: 0 < diz(k) < ¢. Then the estimate

probability of conflict p. (k) is defined by the relative ratio of the known
parameter ¢, -safety distance and estimate position distance:
s

Ro(Klk = 1) = % (k|k = )|

pe(kk-1) = (26)

where Y, (k),y,(k) are the measurements (from the set of all new
measurements in the time step k) fall in the validation region and
%,(klk =1),%,(kk —1) are the analogous estimate positions of
measurements, at the sample time k. So, let us define the bound of
safety as a dimension of the validation region after which the probability
of conflict will have a value of one. The quantity d; (k) is the sum of the
squares of two independent Gaussian random variables with zero means
and unit standard deviations. For that reason, d; (k) will have the y;
distribution for correct observation-to-track pairings with the M degrees of
freedom and allowable probability P =1— P, of a valid observation falling
outside the gate, where P, is the probability for correct detection. The

threshold constant V;; can be defined from the table of the x> distribution

with two degrees of freedom and allowable probability of a valid
observation falling outside the gate (Bar-Shalom & Fortmann, 1988).
From equations (16), (19), and the assumed m(k) measurements,

the overall probability density of conflict, for the overall case, if the
validation region is within the interval Osdf(k)3+oc, at the sample
time K, is given by the following equation:

pe (kk =1) = P {H; ()|Y(k =D} P {C,ClY(k=1)}, i=0,1,...,m(k) (27)

It is clearly seen that:

277

Radosavljevi¢, Z. et al, Aircraft collision prediction based on binomial distribution, pp.268-292



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 2

0. i=0
pc(k|k—1)={ | (28)

I, i=12...,m(k)

Finally, after the evolution of the previous equation per all possible
hypotheses and assumed “success trials” when position estimates fall in
the safety region, we obtain the following (Hwang et al, 2003):

Pc (k|k -D=
0 0<d’(k)<e, =0,
1) nk) 10 2 . (29)
p,(k)- ()" -[1=7(K)] e, <d (K)<+oc, i=12,.,m(K)
1 0<d’k)<e, i=12,....mk)

where d’(k) is the distance for the i"" measurement to the predicted
position of the track, p,(k)is the probability given by (6) and:

7(k) =P {CIY(K)} = pg (kk —1) (30)

A numerical example: We assumed binomial probability distribution
of the third order, with n =3, given by the following (Hwang, 2003):

P.(C.C|Y(k)) =

3 3 1) nk )
2l r A= = (31)
k)

10=0

430 (1-n)+37(1-7)* +(1-7)’ =1

where:
z(k)=Pr{C[Y(k)}=0.5 (32)

The graphs of the probability density function at binomial
distribution, for the total number of observed time intervals

n® =12,..,10 and with the  probabilties of  events
7(k)=0.25,7(k)=0.5 z(k)=0.75 are given in Fig. 2a. The binomial
distribution of probability with the number of observed time sequences
and with a variety of probabilities of trials is given in Fig. 2b.
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Figure 2 —
a) Binomial distribution of probability, with the number of time intervals n® = 1,2,...,10,

b) 3D-binomial distribution of probability, with the number of observed time sequences
and probabilities of trials
Puc. 2 -
a) buHomuarnbHoe pacripedenieHue geposimHocmel ¢ KOslUu4ecmeoM 8PeMEHHbIX
uHmepsanos n*) =12.....10,

6) TpexmepHoe buHoMuasbHoe pacrpedesnieHue 8eposimHocmeli C Kouyecmeom
HabrmoO0aeMbix 8peMeHHbIX nocsiiedosamernbHocmel U eeposimHocmet cobbimuti
Cnuka 2 —

a) buHoMmHa pacrnodena eeposamHohe ca bpojem epeMeHcKux uHmepearna

k
n® =12,..,10,
6) TpodumeH3uoHariHa buHoMHa pacrodesnia eepogamHohe ca bpojem nocMampaHux
8peMeHCKUX HU308a u eeposamHohama dozaljaja
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Simulation results

The performances of the implemented tracking filters and the
corresponding neural network method are evaluated by Monte Carlo
(MC) simulations over several representative test trajectories. The
measure of performance is done using the Root Mean Square Error (Bar-
Shalom & Li, 1999):

Nve . . .
RMSEK)= JNI S EK)-£ 002+ 1017 (k) (33)

MC il
where fi(k),ﬁi(k) are the position estimates (Cartesian coordinates) at

the discrete time k, in MC run i and &'(k),7' (k) are the measurement

results. In the beginning, we assumed that both aircraft can have
constant velocity (CV) or be in the coordinate turn (CT) mode (Fitzgerald,
1990). The tracking of two aircraft which interact in a period of time, is
considered in this section. The observed aircraft is called the reference
aircraft. The second aircraft, which enters the validation region of the
reference aircraft, is called the stochastic aircraft. In order to test the
efficiency of the proposed algorithm, two types of aircraft trajectories are
formed. The first trajectory is without maneuver while the second
trajectory has a maneuver with g acceleration. The test trajectories
involve two aircraft flying along straight lines at an equal speed of 311
m/s. The flight data come from a radar sensor with a sampling interval
T=5s. The duration of both simulations is 72 scans.

In the first test scenario, given in Fig. 3a, the reference aircraft is
moving rectilinearly at a constant speed of 311 m/sand at an angle of

45° in relation to the origin. The conflict aircraft performs full turn
maneuvers with the intensities of g, 29, g and 3g during the scans 10-28,
37-45, 55-58, and 65-73, respectively.

The second test scenario, given in Fig. 3b, presents the trajectories
of two aircraft at a constant speed of 311 m/s. The targets move
towards each other. The first target is the reference aircraft flying towards
the radar along the 45-degree line to the north while the trajectory of the
second target (the conflict aircraft) is mirroring the first trajectory. At
k = 34" scan, both targets executed constant speed turns, of magnitude g
that lasted for k=8 scans. During the maneuvers, the trajectories
intersected and after the completions of the maneuvers, both targets
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continued to move at constant speed. The radar is located at the origin,
and cannot be shown. The trajectories from test scenario 1 intersected
during scan 32, while the trajectories from test scenario 2 intersected
during scan 44.

et
o start
.

a0 35 40 45 a0 fata)

32
. start .
anr i g
26 R
26+ " g
€
= 24t . g
e .
2t : i
ab e RRRAITI i
e N |
15 . . . . . . . ‘

3B 33 40 42 44 46 48 50 a2 a4

b)

Figure 3 — a) Trajectories from test scenario 1, and
b) trajectories from test scenario 2
Puc. 3 — a) Tpaekmopuu u3z mecmoegozo cuyeHapus 1
6) mpaekmopuu U3 mecmoegozo cueHapusi 2
Cnuka 3 — a) Tpajekmopuje u3z mecm-cuyeHapuja 1 u
6) mpajekmopuje uz mecm-cueHapuja 2

281

Radosavljevi¢, Z. et al, Aircraft collision prediction based on binomial distribution, pp.268-292



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2020, Vol. 68, Issue 2

70F

g9

+  Ohserved aircraft
«  Conflict aircraft

B3

Bar

B4 |

B3f

62

B1F

70

BS |

L g

a0 |

y[km]

40 F

3ar

30F

4 Observed aircraft
+ * o+ * " +  Conflict aircraft
+*

20 25 30 35 40

b)

Figure 4 — Approaching the conflict in a) test scenario 1 and b) test scenario 2

Puc. 4 — lNpubnuxeHue cmonkHoeeHUl 8

a) mecmosom cyeHapuu 1 u 6) mecmosom cueHapuu 2
Cnuka 4 — lNpubnuxasar-e cydapa y a) mecm-cueHapujy 1 u 6) mecm-cyeHapujy 2
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Consider the target moving in two dimensions, with two dynamic
models and with process noise. For both trajectories, the constant
velocity (CV) model is used, with the state vector defined as

X(k)=[x Xy y]'. The matrices F,, and H are defined by the equations:

1T 0 0
0100, (1000
Fv=lo 0 1 10 oo 1 0 (34)
00 0 1

respectively, where q = 0.2, is the maneuver parameter (Song et al,
2012):

T3/3 T2/2 0 0 ;

T2/2 T 0 0 ,R{"X 0}
0 T3/3 T?/2

0 0 T%/2 T

Qk)=q (35)

where o, = o, =20m. The choice of the model set is of vital importance

and must compromise computational load and target modeling flexibility.
It has been found that the following two models: the constant velocity

(CV) model (obtained for angular speed @, =0) and the coordinated

turn (CT) model (obtained for angular speed @, >0), provide an
adequate and self-contained model set for tracking purpose.

The conflict probability distributions for test scenario 1 and test
scenario 2 are given in Figs. 5a and 5b, respectively. The time
distributions of conflict prediction for the third-order binomial distribution
for test trajectory 1 and test trajectory 2 are given in Figs. 6a and 6b.
Similarly, the time distribution of conflict prediction for the fifth-order
binomial distribution for test trajectories 1 and 2 are given in Figs. 7a and
7b.
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Figure 5 — Time distributions of conflict probability at the noise variance ¢ = 0.04

a) test scenario 1 and b) test scenario 2

Puc. 5 — BpemeHHbie pacripedeneHusi 8eposimHOCcmu CmoJiKHo8eHul npu ducrnepcuu

wyma

a) mecmoenili cueHaputi 1 u 6) mecmoebili cueHaputl 2
Cnuka 5 — BpemeHcka pacriodena eeposamHohe cydapa npu ducrnepsuju wyma
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The simulations results validate the probability data association
algorithm, incorporated in the conflict detection method, and achieve
good balance within two trajectories of flight. Finally, it could be easily
observed that the conflict probability function rapidly increases into the
validation region. The algorithm could be used to detect a conflict early
enough to take a safe resolution maneuver if a neighboring aircraft starts
a maneuver which might cause a conflict.

Conclusion

A new aircraft collision algorithm, by the use known PDAF algorithm,
based on binomial distribution is presented in this paper. The common
approach is calculating probabilities of all possible label-target
assignments at each time step in the system. In that sense, we develop a
probabilistic methodology, using track data association which can
efficiently compute conflict probability. The proposed algorithm can
detect a conflict early enough to take a safe resolution maneuver. For the
track data association process, we proposed the PDA filter. In order to
compute a function of conflict probability, we have constructed an
algorithm based on binomial distribution which considers information
about previously estimated states of positions. Based on the PDAF
probability, the ATC system is able to send an alarm to the aircraft during
a sampling interval.

For safety verification, we needed to apply the proposed algorithm to
other types of radar sensors with a sampling interval shorter than the
sampling interval of TWS radar sensors. Also, we will test the proposed
method using other algorithms for hybrid estimation and data association
such as IMMJPDA (de Feo et al, 1997), (Paielli & Erzberger, 2012), MHT
(Nolan, 1998) or IMMPDAF.
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MPOrHO3 BO3MOXHOCTU CTONKHOBEHWA BO3YLWHbLIX
CyaoB HA OCHOBE BMHOMWAINBHOIO PACIMPEOENEHNA

3g60HK0 M. Papgocasnesny®, KoppecnoHaeHT, GpaHko [1. KOBaHEBMHS,
MesiH C. VBkoBuy®
@ BoEHHO-TEXHUYECKUI MHCTUTYT, I. Benrpan, Pecny6nuvka Cepbus,
6 Benrpanckuii yHnBepcuTeT, QnNeKTPoTEXHNYECKUA hakynbTeT,
r. Benrpag, Pecny6nuka Cep6us

PYBPUKA TPHTW: 27.43.00 Teopwus BepoAaTHOCTEN U MaTemaTuyeckas
CcTaTUCTUKA,
28.15.00 Teopus cuctem aBTOMaTU4ECKOro yrnpasneHus
78.21.49 BoeHHas anekTpoHuKa 1 knbepHeTuka
BWO CTATbW: opurmHanbHasa HayyYHas ctatbsl
A3bIK CTATbW: aHrnuinckmn

Pesome

BeedeHue/uenb: Ha ocHoge bBUHOMUasIbHO20  pacripedesnieHus
yHKYUU  nomHocmu  gepossimHocmu 8  OaHHOU ~ cmambe
npedcmasrneHa Hoeasi 8eposiIMHOCMHas modersb ona
MPO2HO3UPOBaHUSI MECMOIIOOXEHUST camoriema.

Memodbi:  [lpednoxeHHbIli  ajleopumMm  cocmoum U3  mpex
cocmasrsiouux: cbop OaHHbIX, MOHUMOPUHe / oueHka 2ubpudHO20
COCMOSIHUSI U pacdem 8eposimHOCMU CMOJIKHO8eHUs. MIHgbopmayusi o
meKyweM MecmoroioXeHUU U mpaekmopuu rosiema ucrosib3yemcsi
0ns noslydeHusi  aneopumma  rpedyrnpexo0eHuss  803MOXHOCMU
CMOJIKHOBEHUST Mex0y 8030ywHbIMU cydamu. [IpoeHO3uposaHue
cumyauyud, 8 KomopbiX 8030yUWHOe CyOHO Moxem rpubnusumscs K
Opyaomy Ha 60/bWOM pPacCcmosiHUU, paccyumsieaemcsi C 8bICOKOU
sepossmHocmbro. OueHKa no3uyuu U HeorpedesieHHOCMb OMHOCSMCS
K udeHmugukayuu OaHHbIX uyenel, koz2d0a 0se mpaekmopuu
rnonadarom 8 «OKHO» eanudauyuu C ucronb3osaHueM guibmpa
udeHmucghukayuu GaHHbIX 110 8ePOSIMHOCMU.
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Pesynbmambi: PaspabomaH u npomecmuposaH 3¢hheKkmuHbIl
aneopumm 0nsi npedyrnpexx0eHusi CMOoJIKHO8eHUU rpu ConpogoxoeHuu
epynroeou yenu.

Bbigo0dhb!: Pesynbmamsi modlenuposaHusi npedomepaueHusi
CMOJIKHOBEHUU caMos1emos, 8bIMNOofIHeHHO20 Mo  08yM  cUEHapusim
mpaekmoputi  nodmeepxdarom  3¢bcheKmusHOCMb  MPedrIOKEHHO20
arneopumma.

Knoyesbie crioga: asmomamuyeckoe yrpaerieHue, eeposimHOCMb,
omcrnexusarue uenet, udeHmugukauus OaHHbIX.

NMPEAVKUNJIA CYOAPA ABNOHA HA OCHOBY BMHOMHE
PACIOAEJE

380HKo M. PafiocaBrbesuh®, ayTop 3a npenucky, bparko [l. Kosauesuh®,
[ejan C. NBkosuh?®
@ BojHOTeXHWYKN MHCTUTYT, Beorpap, Penybnuka Cpbuja
o YHusepauteT y beorpaay, EnektpoTexHudku cakynrer,
Beorpaga, Peny6nvka Cpbuja

OBJIACT: matemaTuka, padyHapcka TEXHWKa, ayTOMaTCKO ynpaBrbake
BPCTA UJIAHKA: opyruHanHu Hay4Hu pag
JESUNK YJTAHKA: eHrnecku

Caxemak:

Yeod/uurb: Ha ocHogy OuHOMHE (byHKUUje eycmuHe pacrioderse
seposamHohe, y osom pady je npedcmasrbeH Ho8U 8eposamHu Modert
npedsuharba rosioxaja ea3dyxorsiosa.

Memode: [NpednoxeHu anzopumam cacmoju ce 00 mpu pasuduma
brioka: nipudpyxueare noGamaka, npahemwe/npouyeHa XxubpudHoe
Cmara U u3padvyHasame eeposamHohe cydapa. WHgopmauuje o
HUX0BUM MPEHYMHUM Morioxajuma U riaHosuma siema Kopucme ce 3a
Oobujare aneopumma 3a OmKpueare Mmoayhux cydapa u3mehy
sas0dyxornosa. pedsuhare cumyauuja y Kojuma ce 8a30yX0risio8 MOXe
npubnuwxumu dpyeom Ha eehoj yOarbeHocmu u3paydyHasa ce C 8eJ/IUKOM
seposamHohom. [poueHa nonoxaja u HeodpeheHocm o0Hoce ce Ha
npudpyxusare noGamaka yurbeea, kada y ,npo3op” eanudayuje nadHy
0sa mpaea KopuwheremMm cunmpa ca npudpyxusar-em rnodamaka ro
eeposamHohu.

Pesynmamu: [usajHupaH je egbukacaH arneopumam 3a OMmKpusaH-e
cyOapa, Koju ce mecmupa Ha MHO2UM euwecmpykuMm npahemuma
yurneaa.

Bakrbyyak: Pe3ynmamu cumynauuje rpeseHyuje cydapa asuoHa y 0ea
cueHapuja nymarse nomsphyjy echukacHocm ripedrioxxeHoe an2opumma.

KrbyyHe peuu: aymomamcko yripaerbarbe, seposamHoha, npahere
uyureeea, npudpyxueare nodamaka.
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