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Abstrakt. Data are given about the necessity to use double obstacles method with the specific
attenuation inside the woodland. Attempts are made to conduct analysis of Unmanned Aerial
Vehicle Sable connection distance determination inside the woodland. It allows to take into
account the peculiarities of woodland influence in the stable connection distance forecast.
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Introduction. There are many radio — electronic means of flggitrol, video surveillance,
communication system etc. on boards of UAV (UnmanAerial Vehicle). All radio complex
functioning is performed by the ground — basedtsdeac equipment of the external crew, date
collection and processing system. Also there isteady connection with all channels of
communication system, especially on stages of lalitades flights and maneuvers before landing.

During the low — altitudes flights (less than 30pletween the control tower (external crew)
and board the obstracle in the form of woodland lsarencountered. Thus, it's important to take
into account the influence of woodland during tleeetast of distance of stable connection
determination with UAV.

Review of methods.For a terrestrial radio path where one terminallosated within
woodland or similar extensive vegetation, the add#l loss due to vegetation can be characterized
on the basis of two parameters:

— the specific attenuation rate (dB/m) due prinyaid scattering of energy out of the radio
path, as would be measured over a very short path;

— the maximum total additional attenuation due égetation in a radio path (dB) as limited
by the effect of other mechanisms including sudaese propagation over the top of the
vegetation medium and forward scatter within it.

In fig. 1 the transmitter is outside the woodlamd dhe receiver is a certain distanck,

within it. The excess attenuation,, , due to the presence of the vegetation is given by

A, =A,[1-exptdy /A, ],

where d — length of path within woodland (my;, — specific attenuation for very short vegetative
paths (dB/m); A, — maximum attenuation for one terminal within a&dfic type and depth of

vegetation (dB). It is important to note that exxcattenuationA,,, is defined as excess to all other
mechanisms, not just free space loss. Thus ifdderpath geometry in fig. 1 were such that full
Fresnel clearance from the terrain did not exiigntA,, would be the attenuation in excess of both
free-space and diffraction loss. Similarly, if thequency were high enough to make gaseous
absorption significantA,,, would be in excess of gaseous absorption.

It may also be noted thad,, is equivalent to the clutter loss often quoted daterminal
obstructed by some form of ground cover or clutter.

Decision of problem.The value of specific attenuation due to vegetatyo dB/m, depends
on the species and density of the vegetation. Noamogalues are given in Recommendation [2] as
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a function of frequency. At frequencies below 1 Gwtically polarized signals to experier
higher attenuation than horizontally, this being thaudbe to scattering from tr-trunks. It is
stressed that attenuation due to vegetation variésly due to the irregular nature of the medi
and the wide range of species, densities, and watgent btained in practice. The values sho
in homogram 2 should be viewed as only typicalfrAguencies of the order of 1 GHz the spe
attenuation through trees in leaf appears to beitabt % greater (dB/m) than for leafless tre

There can also be vations of attenuation due to the movement of fi@iasuch as due to wit
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Fig. 1. Representative radio path in wood

The maximum attenuatio A, as limited by scattering from the surface wave ethels on the

species and densitf the vegetation, plus the antenna pattern otehminal within the vegetatic
and the vertical distance between the antennalentbp of the vegetatic

A frequency dependence A, (dB) of the form:

A, =Af,

where f — operating frequency (MF); a — ratio of the forward scattered power to the t
scattered power, numerical value is given in

The diffraction consideration of the edge of woodlas described next. Theefinition of
diffraction loss must be reviewed with the singleté— edge obstacles. In this extremely ideali
case (fig. 2 a and b), all the geometrical parameters are combined th@gein a single

dimensionless parameter normally denote v which may assume a variety of equivalent fol
according to the geometrical parameters sele

2(1 1
v=nh|—-|—+—]| v =
3
2ho 2d
VvV = T, vV = TDGlGZ

where h— height of the top of the obstacle above the sttdigk joining the two ends of the pa
d, i d, —distances of the two ends of the path from theofojhe obstaclt d — length of the path;

6 — angle of diffraction (rad)x, i a, —angles in radians between the top of the obstad®ae ent
Nomogram values los3(v) (dB) as a function o¥ is given in [2].J(v) is given by:
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JIL - c) - sw)°+ [cov) - S’

J(v) = -20 log 5

where C(v) and S(v) are the real and imaginary parespectively of the complex Fnel integral
F(v).
For v greater than — 08 an approximate value can be obtained from tpeessior

JW) = 6,9 + 20Iog(\/(1 Z0H + 1+v - o,)1 .

Z
b

Fig. 2. Geometrical elements profile of the |

Let’s observe the loss of diffraction on the edfdauble obstacles in the form of woodle
front and rear edges. This method consists of applygimgle knifeedge diffraction theor
successively to the two obstacles, with the totheffirst obstacle acting as a source for diffi@at
over the second obstacle (fig. 3).

a b c
Fig. 3. Demonstration c¢he method for double isolated ed

The first diffraction path, defined by the distasia and b and the heighh, gives a loss
L, (dB). The second diffraction path, deld by the distanceb andc and the heighh: gives a
lossL, (dB). L, andL, are calculated using formulae of [2]. A correctterm L, (dB) must
be added to take into account the separcb between the edged., may be estimated by tt
following formula
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L =10Ilo w
c 9 b@+b+o |

This formula is valid when each &f, andL, exceeds approximately 15 dB. Then the total
diffraction loss is defined as:

L =L, +L,+L,.

The above method is particularly useful when thth lsmlges give similar losses. It's typical
for the majority of European woodland when theylaedered with grasslands and fields.

Conclusion. To increase forecasts accuracy of radio wavesggatpon and distance of stable
connection determination with the UAV during thevle altitude flights, it's necessary to consider
the effects of diffraction and diffusion on the wibend edges. It's important to note that the most
important stage of flight is gaining the altitudg the UAV after taking — off and maneuvering
before UAV landing on the airfield.

To perform UAV flights, normative documentation gé/ the airfield or aerodrome
sertification. The attention is given to the radicelectronic UAV average range. However, the
usage of average range values is considered toduxeptable, because the real distance values of
stable UAV connection in all ranges and all azimwaibues will differ from the average one. Thus,
it's necessary to pay attention to all featureteafain, especially woodland, for accurate forecdst
stable connection distances.
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Busznauennsi BiacTani criiikoro 3B sI3Ky 3 0e3MJIOTHHM JITAJbHHUM anapaToM B YMOBax
BILIMBY JIICHOTO MaCHUBY

[IpoBeneHo anami3 Momenel BHU3HAYCHHS BIJCTaHEW CTIMKOTO 3B SI3Ky B YMOBax JIICHOTO
cepeloBHUINA. BHABIEHO MOLIIBHICTP BUKOPUCTAHHS METOJY TMOABIHHMX MEPEUIKoJl pa3oM 3
ypaxyBaHHSIM IOTOHHOTO OCJIa0JICHHS BCEPEMHI JIICHOTO MacuBy. lle 103BONMMTH OLIBII TOYHO
BpPaxoBYBaTH OCOOJMBOCTI BIUIMBY JICHHUX MAacHBIB TNpU MPOTHO3YBAaHHI BIJICTaHEW CTIIKOTO
3B’ SI3KY.

E. 1. T'abpycenko, P. A. 3anopoxuuii, A. B. Jlecauk

OmnpenesieHne paccTOSIHUSL YCTOWYMBOW BSI3M ¢ OeCNWJIOTHBIM JIETATEJbHBIM aNNapaToM B
YCJIOBHSIX BJIMSIHUS JIECHOTO MACCHUBA

[IpoBeneH aHamu3 MOJEIEH ONIpPENEICHUS PACCTOSHUM YCTOWYMBOM CBSI3HM B YCIIOBHUSX JIECHOTO
MaccuBa. [lokazana 1enecoodpa3HOCTh MPUMEHEHUSI METOa ABOMHBIX MPEMATCTBHI COBMECTHO C
y4eTOM MOTOHHOTO OcHabJIeHus] BHYTPHU JIECHOTO MAacCHBa. DTO MO3BOJHUT 00Jee TOYHO yYUTHIBATH
0COOEHHOCTH BJIMSTHUS JICCHBIX MAaCCHBOB IPHY MTPOTHO3UPOBAHUU PACCTOSIHUHN YCTOMYHBOU CBSI3H.



