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Abstract

Purpose: The aim of our study is to analyze virtual measurers with different functioning principles. In our case they are: a
mathematical pendulum without quality factor, with quality factor and meter of force field gradient. Methods: This article
reviews two main approaches for gradient or artificial force field measuring: gradient method and mathematical pendulum.
Results: The results of our experiment proved that usage of the mathematical pendulum with quality factor is more
effective than without it. We classified potential field methods concerning field types. Present approaches possess a number of
shortcomings. Discussion: The paper considers modern approaches of solving conflict situations in airspace (traffic conflict).
We carried out analysis of virtual indicators formalization with different functioning principles (mathematical pendulum, meter

of force field gradient).
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1. Analysis of the research and publications.

Currently there are a lot of methods which are based on
force field potential peculiarities.

— Potential Field Approach;

— Artificial Potential Fields;

— Virtual Force Field;

— Vector Field Histogram Ta iH.

These methods are designed for different classes of
dynamic objects, such as:

— Piloted Aircraft;

— Unmanned Aerial Vehicles (UAVs);

— Wheeled Mobile Robots;

— Autonomous Underwater Vehicles (AUVs). [1]

In research works [2, 3] was classified potential field
methods concerning field types: uniform field (Fig.. 1, a);
perpendicular field (Fig. 1. b), tangential field (Fig. 1, c),
random field (Fig. 1, d), field of attraction (Fig. 1, e),
repulsing field (Fig. 1, f), combination of attraction and
repulsing (Fig. 1, g), canyon box world (Fig. 1, h). The
following approach does not take into consideration
characteristics of physical nature inserted in methods
and doesn’t allow making their systematic analysis.

2. Articulation of the problem

Present approaches possess a number of shortcomings.
They are the following: ‘lacuna’ (when being in the
force field a robot is unable to exit) and ‘plateau’ (in
each point, force is evenly distributed and a robot is
unable to find a way to move to) etc.

As methods possess a number of shortcomings, a
problem of their excluding comes into existence, to

make artificial force field work more effective to solve
conflicts [4].

3. Outstanding parts of the problem which the
following paper is dedicated to.

In each model of robot’s movement there is a sensitive
element which reacts on gradient change, direction or
amplitude of force field. There is no a universal method
at present time.

The «Free Flight» method for problem solving only
was developed in research work [1]. Formulation of new
concepts such as S&A, A3, as well as development and
usage of Unmanned Aerial Vehicles (UAVs) which
use off-line mode need higher flight safety requirements.

4. Formulation of the problem

The aim of our study is analysis of virtual measurers
with different functioning principles. In the following
case they are: a mathematical pendulum without quality
factor, with quality factor and meter of force field
gradient.

5. Fundamental research data description with
complete motivation of research results

Two main approaches for gradient or artificial force
field measuring are gradient method and mathematical
pendulum. An analysis of these methods for solving
conflicts will be carried out.

The mathematical pendulum in force field will be
reviewed. [5] The mathematical pendulum is a
mechanical system which consists of mass point fixed in
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nonstretch thread or bar in gravitational field. Such
pendulum can be a heavy sphere with weight m, fixed in
thread, length of which / is much bigger than size of
sphere. If deflect it by an angle ¢ from vertical line, it
will fluctuate under gravity force F,,

Fig. 1 shows the mathematical pendulum in MatLab
environment, where F,, is a force of thread elasticity; m;,
is a pendulum weight; m, is a target weight (which is

dynamically regulated depending on the (X;,);)) of
other objects; m,_;are other objects.
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Fig. 1. Mathematical pendulum in MatLab environment

Fig.2 shows mathematical pendulum in artificial force
field

Fig. 2. The mathematical pendulum in artificial force field
Equation of damping pendulum (movement along
axis X):
d’x,
dr’
where y- constant of damping; ®, - own oscillator

dx,
—L+apx =0
dt

+ 2y

frequency

The speed of damping associated with quality factor of
oscillation system. Quality factor characterizes quality
of oscillation system, as the bigger quality factor of
oscillation system, the less power inputs in system
per one oscillation. Quality factor of oscillation

system Q is connected with logarithmic decrement
of damping d.

The main parameter of damping is oscillation
quality factor.

0=
2y
For critical damping certain condition must be
carried out

Q=0,5= w,=Y

»
X

Fig. 3. Interaction of pendulum with one gravity body

F- gravity force which specifies target movement of
object; W- buoyant force which specifies the process
of conflict solving with other objects; m;— pendulum
weight; m, — target weight; (is dynamically regulated
depending on (X;, ); ) of other objects; R, — critical
pendulum radius; p - damping coefficient.

d’x, dx
m——L=F,-W,+u—-
1 d t2 12 12 l‘l d Zl

Where p - damping coefficient

Next formulas show how to compute forces of
interaction m; and m,

. _ Gmm, |x; —x,
TR TR,
12 12
W = Gmm, x, —x, . RB-<)

Rl% RIZ v
where o i § — natural numbers, o > 3
Having applied formula to the equation and reducing

it the following equation was developed.
(B-a)
dt dt RS
Using received equation own oscillation frequency
can be found.
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(B-t)
ox =—G [ — x| _ v — x| R,
0% = T T RP
12 12

For one body w,

o= ol bl el

o+l B+1
X R12 R12

_Gm2 |x1 _x2| ' Rl(EH) _Rl(;wl) . RIEE—OL)

R((x+1) . R(BH)

1 12 12
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Gradient of field is an important parameter which
characterizes artificial force field. The gradient shows
how fast a scalar quantity can change in different point
of the field.

Gradient introduces as a vector quantity of a scalar
field in each point of which refers to the definite scalar.
Gradient is a vector which by its movement shows the
direction of fast increasing of quantity ¢, its meaning
varies from one point of space to another (scalar
field) [8]. According to the size it is equal to the growth
rate of its quantity in this direction.

In other words gradient is a rapidity of physical
quantity change, not in time but in a space direction.

For artificial gravity field gradient measurement the
virtual meters are proposed. They represent a dynamic
system which looks like mathematical pendulum. The
following formulas were used to compute an artificial
gravity field gradient.

Fz:(F;"'F;);

AF, AF;,
—= =Grad ; —2 Grad,;;

A A
Grady = \|AF;. + AF;, ;
npu R12 = chpigoal + RKpﬁpend

Constant axis location BB in each instant of time
identifies an angle of direction of artificial gravity field
gradient

d’¢ _ . do
?=f(z,(p,p)=gmdUz;

Where p — virtual meter parameters

Attificial gravity field gradient lines can be
comprehended as lines of force which characterize
energy distribution. In other words if field of
gravitational potential is set and in each instant of time
suspension centers are known, the gradient lines show
conflict-free movement trajectory which will be realized
by dynamic objects in poly conflict.[6,7]

At research of approach efficiency concerning
dynamic models formalization of virtual meters of

artificial force fields the following efficiency criteria
were used.

1) calculation time;

2) positioning accuracy

3) amount of operations needed for calculation

Three experiments were carried out using the
mathematical pendulum without quality factor, with
quality factor and meter of force field gradient. During

these experiments meaning of target radiusR, ,

pendulum radius R, and target weight changed

under conditions m, =1, ¢, =20°:

FyW:f(R Riu:mu

In first experiment target radius R, changed under

conditions R, = const , m, = const :

Riu = [Riumin “'Riumax] H
e Rit;min 2 2RKp npu Rkpu = Rxp7u3,11;
Riu min 2 (Rkpu + RKpiltBM) npu Rkpu # RKprB.\ri .

Fig.4 shows dependence of calculation time and
force field gradient on target radius.

t,c
24| 1 without Q factor

6 t, with Q factor

10 11 12 13 14 15 16 17 18 Rgola,M

Fig. 4. Calculation time and force field gradient d
ependence on target radius.

The results of first experiment proved that in a case
of target radius growth calculation decreases and force
field gradient increases.

In second experiment meaning of pendulum radius
R, =var, changed on conditions that R, =const,

m, = const .
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Fig.. 5. Dependence of calculation time and force field
gradient on pendulum radius.

If meaning of pendulum radius increases the
calculation time and force field gradient increase as well.
In a case of quality factor the calculation time is lower
than without quality factor.

The third experiment proved the change of target

weight m, = var on conditions that R, , R, = const .

Fig. 6 shows diagrams calculation time and force field
gradient dependence on target weight.
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Fig. 6. Diagrams show dependence of calculation time and
force field gradient on target weight.

If target weight increases, calculation time decreases
and increases meaning of force field gradient.

6. Conclusions

The carried out analysis of virtual indicators
formalization with different functioning principles
(mathematical pendulum, meter of force field gradient)
showed:

— Usage of the mathematical pendulum with
quality factor is more effective than without it.

— General shortcoming of methods is expenditure

of time and calculation expenditure for gradient defining
near particular points (minima and discontinuity of a
function).
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IITYYHHUX CHJIOBHX MOJiB

Hauionanphuii aBianiiiHuii yHiBepeurer, npoci. Kocmonasra Komaposa, 1, Kuis, Ykpaina, 03680

E-mails: 'chiv@nau.edu.ua; “sonechkovika@mail.ru
Meta: MeTol0 HaIIOro JOCTI/DKEHHS € aHAJIi3 BIPTyaJbHUX BUMIPIOBaUiB 3 PI3HUMH NPUHIMNAMHU (YHKIIOHYBaHHS. Y
HAIIOMY BHIQJIKY 1€ MaTEeMaTHYHHNA MasTHHK 0e3 TOOPOTHOCTI, 3 JOOPOTHICTIO Ta BUMIPIOBAaY TPAAIi€HTY CHIIOBOTO
noist. Meroau: VY crarti Oysio pO3MISSHYTO JiBa OCHOBHI IIAXOAM, SIKI ICHYIOTH Ui BHUMIpDIOBaHHS IpajlieHTa abo
OITY9HOTO CHJIOBOTO TIIOJISA: TPAJi€EHTHHH METOA Ta MaTreMaTH4Hii MasTHUK. Pe3dyabTatm: Pe3ynpraté Hamoro
JMOCIIDKEHHST TIOKa3ajd, II0 BUKOPHCTAaHHA MAaTEMaTHYHOTO MAasTHHKAa C MOOPOTHICTIO € e(eKTHBHIIUM HiX 0e3
nobpoTtHOCTI. Byro ximacugikoBaHo MOTEHIIHI TOIKOBI METOAX 1O BHIY NoiiB. [Tigxomu, ki iCHYIOTh Ha TaHUHA 9ac
MaloOTh psAa HeHodikiB. OOroBopeHHsi: Po3risHyTO CydacHI MiAXOOM IO pO3B’S3aHHSA KOHQIIKTHHX CHUTyamid y
MoBiTpsiHOMY mpoctopi. [IpoBeneHo aHaii3 ocoOmuBocTed (Gopmamizaiii BipTyalbHHUX BHMIPIOBAYiB 3 PpI3HUMHU
NpUHIMIAMA  (QYHKIIOHYBaHHS (MareMaTHYHMNA MAasTHUK, BHUMIpIOBad4 TpalieHTy cuioBoro moisi). HaeneHo
pe3ysbTaTy MOJIENIOBAHHS Ha3BaHUX BHIIE IIXO/IIB, JAHO iX MOPIBHSUIBHY OLIHKY.
Kar4oBi cjioBa: rpaaieHT; AMHAMIYHI MOIEI; JIITAK; MATEMATUYHUN MasSTHUK; TIOTCHIIIHHE CUIIOBE TIOJIE.

B.I. IIerlimemcol, B.O. Boskoron?. Hccnenoanue mnoaxonoB ¢GopMaaM3auMy IMHAMHUKU JIBHKEHHMS

H3MepHTeJell HCKYCCTBEHHbBIX CHJIOBBIX 10JIei
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Ienb: Llenpro Hamero McciaefOBaHUs SIBISETCS aHAINU3 BUPTYAIbHBIX H3MEPUTENEH C Pa3iIM4HBIMU IPUHLUIIAMU
(yHKIMOHMpOBaHUS. B Hamem ciydae 5TO: MaTeMaTHYeCKHH MasTHHK Oe3 JTOOpOTHOCTH, C JOOpPOTHOCTBIO M
M3MEPHTENb TpajueHTa CHIOBOro mmoiisi. MeToanl: B crathe OBUIM pacCMOTpPEHBI JIBa OCHOBHBIX ITOJAXOJa, KOTOPBIC
CYILIECTBYIOT JAJISl U3MEPEHUSI TPaIu€HTa WK UCKYCCTBEHHOT'O CHUJIOBOTO MMOJIS: FPaJUEHTHBIA METOJ U MaTeMaTHYECKOM
MadATHUK. Pe3ysbTatpi: Pe3ynpTaThl Hallero HUCCIENOBaHMs IOKa3ald, YTO MCIIONb30BAHUE MaTeMaTHYECKOTO
MasTHHKa C JOOPOTHOCTBIO sBIseTCsS Oonee S(PQPEKTHBHBIM YeM 0e3 JOOpOTHOCTH. BBUIM KiTacCH(pUIMPOBAHBI
MOTEHLMAJIBHBIE TOJIEBBIE METOABI IO BUAY mosied. [1oaxoabl, KOTOpBIE CYLIECTBYIOT B HACTOSILEE BPEMSI UMEIOT psif
HenmoctatkoB. OOcy:kaeHme: PaccMOTpeHbl COBpeMEHHbIE MOAXOIbI K pEHICHHI0O KOHGIMKTHBIX CUTyaluil B
BO3/YIIHOM TpocTpaHcTBe. [IpoBelneH aHaiu3 O0COOEHHOCTEH (OpMaliM3alliid BUPTYAIbHBIX HM3MEpUTENed ¢
Pa3IUYHBIMK TPUHIUIAME (QYHKIHOHUPOBAHUS (MaTeMaTHYECKU MasTHUK, U3MEPUTENb TPaJHUEeHTa CHIOBOTO IOJIs).
HpI/IBeJIeH])I PpE3yJIbTaThl MOACIMPOBAHUA BbIIICYIIOMAHYTBIX IOAXOA0B, JJaHa UX CPABHUTCIIbHAA OILICHKA.
KiroueBble ci10Ba: TpajiveHT; TUHAMAYECKHE MOJICNN; MaTEMaTHUYECKHH MAaATHHUK; MOTEHIMAIbHOE CHIIOBOE IIOJIE;
camorerT.
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