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AHHOTanusA. PaccCMOTpeHbl  CYIIECTBYIOUIME  METOAbl  ONPEACICHHS  KOOPAMHAT
JeTaTebHOrO ammapara B IpocTpaHCTBe. BblOpaHbl MOAXOASIIME METOIBI IS
UCIIONIb30BaHUsI B pa3pabaTbiBaeMON CHCTEME aBTOMATHYECKOW TMOCAAKUA OECIHMIIOTHBIX
JeTaTeNabHbIX ammapaToB. OmucaHbl JOCTOMHCTBA M HENOCTATKH KaXKJOTO BBHIOPAHHOTO
MeTo/a.

KirwueBble cJjioBa: JieTaTeNbHBIM anmapaT, Ja3epHbId MasiK, METOJA OINpeAeIeHus
KOOpAWHAT, OTHOCUTCIIBHBIC KOOPJWHATEI.

Abstract. The existing methods for the aircraft positioning have been discussed. The
appropriate methods have been chosen to be used in the required laser automatic landing
system for unmanned aerial vehicles. Advantages and disadvantages of each method are
described in this paper.

Key words: aircraft, laser beacon, position finding method, relative coordinates.

There are plenty of methods for the aircraft positioning: range-measurement
method, differential range-measurement method, resulting range-measurement
method, angle-measurement method, range-angle-measurement method, radial-
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velocity method and differential radial-velocity method. But only three methods are
applicable for the automatic landing system being developed: range-measurement
method, angle-measurement method and range-angle-measurement method. Other
methods are only used for radio positioning. This system uses laser beacons ([1]
contains a description of the developed system).

A range-measurement method 1is used for the aircraft positioning (Fig.1) by
calculation the distances (d;, d,, d; d,) from laser beacons to the aircraft [2], [3].
Three laser beacons are sufficient for implementation of this method. The mentioned
automatic landing system uses four beacons with known coordinates M; (x;, y;,z;),
M; (x2, y2, 22), M5 (x3,y3, z3) and My (x,, Jz/4, Zy).

Fig. 1.

Solve the system of linear equations to position the aircraft L (x;, y,, z)):

d, = \/{:xl —x)%+ (O — )+ (2, —71)%
d, = J(xz —x)2+ 0 —y)? + (2, — 2)4
dy = \/(xa —x)*+ (s —y)P+ (23— zp)3

dy = Ctg — ) + (g — 3)* + (2, — 2%

When the system of equations (1) is solved, we have a set of solutions. The
auxiliary angle-data sensors which measure directions of laser beams are used here to
exclude the ambiguousness.

The accuracy of the range-measurement method is influenced by a ranging

error — Ad, as a result we will receive a formula for calculation of distance from a
laser beacon to the aircraft:

d; =0 — )+ @ —y)? + (2. — z)* + Ad. (2)
An angle-measurement method is based on use of information on pointing of
the laser beacon at the aircraft [4]. This method can be implemented by using two

laser beacons with known coordinates M; (x;, y; z;) and M, (x, y, z;). The
coordinates help to calculate the distance between beacons.

(1)
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b)

Fig. 2.

Having a laser beam tilt angle o’ and directional angles o and f we can
calculate relative coordinates of the aircraft L (x; y, z;). Based on the data from Fig.
2a., we obtain expressions which help to get the relative coordinates x; and y;,.

o, =90 —a;

Bi=8— 2?0:;
y=360"—B8 +a;

_ ;sinfiy
m=1 gin ¥ ’ (3)
X, =X, 1= cosa,, 1 =x,+1=Lisina;

sy sin ¥

_ sin By _ sin fy, .

yi=y +1 sin y cosa, y =y, +1 ciny sin &;.

Having analyzed Fig. 2b we get formulas which help to obtain the relative
coordinates z;.

d=—" d=—>;
cosa' ’ sin g’
_ m I _ m ' I,
zi—zl—l—mm,cosﬁ, Z£—31+Smﬁ,51ﬂﬂ ; 4)
m f m . f
Z; =Zy +——CO0s Zy =12, t Sl .
L 1 sin @' EJ l 1 cosa’

The accuracy of the angle-measurement method is influenced by the following
parameters: laser beam spreading — y, accuracy of tilt angle sensors — 1,;;,, accuracy

of directional angle sensor — ) 4;,..+10n.- AS @ result we will have:
Adsge =V + Y,
Algirection. =Y + Yairection.
Cgactual. = & + Aty (5)

Baactual. = B + A«

I I |
& dactual. — & +daﬁanp.,
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where: Aea,;, — tilt angle measurement error, A&z, ..ti0n. — directional angle
measurement error, &g,.euars> Pdactuals @ dactual. — the measured angles including
the error.

Substitute these values with a, £, &' in formulas (3) and (4) to calculate the
relative coordinates.

A range-angle-measurement method can be implemented by means of one laser
beacon. The laser beacon shall be able to calculate the distance d to the aircraft as

well as tilt angles £ and directional angles a[5] to find relative coordinates.
Analyze Fig.3 to find relative coordinates of the aircraft L (x; y, z)).

zZ

z;=2;+d;*sinf,
: (6)
Y =Y; +d; ®*cosf; *sina;,
x; = x; +d; *cosf, * cos a,.
where /; — projection of distance from i laser beacon on the x,y plane.

The accuracy of the range-angle-measurement method is influenced by the
following parameters: ranging error — Ad, laser beam spreading — y, accuracy of tilt
angle sensors —),,,, accuracy of directional angle sensor — Y ;, ,.1r0n. AS a result we

will have:

dggctuar.s = d; + 4d,

Aty =Y + Ve

A@girection. =V + Vairection. (7
Cgactuali = &5 T AQgirection.

Bagctuars = Bi + Ays -
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where: Ad — ranging error, Aa,;, — tilt angle measurement error, Az, cetion —
directional angle measurement error, @g,.euqi.i> Pdactual: — the measured angles
including the error.

Substitute these values with @, in formula (6) to calculate the relative

coordinates.

The three positioning methods were discussed during development of the laser
automatic landing system. Each method has its pros and cons. For example, a range-
measurement method is highly accurate in position finding, but it requires three laser
beacons and there is also the ambiguousness in positioning. An angle-measurement
method allows to process the information easily and only requires two laser beacons,
but at the same time is less accurate. The main advantage of the range-angle-
measurement method is a possibility to use only one laser beacon with mean
accuracy. We suppose to use a range-measurement method as the main positioning
method and other methods can be used for comparison, correction and excluding of
the ambiguousness of the main method.
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