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DME/DME AND VOR/DME POSITIONING ERRORS ESTIMATION

Currently, area navigation methods are used as alternative to Global Navigation Satellite System. The most
popular alternative method of positioning is grounded on the usage of Distanse Measuring Equipment data in the
algorithms of an aircrafi Flight Management System. Estimation of aircraft position error is one of the most impor-
tant tasks of navigation. An article considers the problem of positioning errors estimation by DME equipment. In
accordance with the international requirements for the airborne equipment of civil aircraft, the problem is consid-
ered in terms of optimal DME pair usage. DME/DME and VOR/DME navigation accuracy for a pair of naviga-

tional aids is estimated.
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Introduction

Guidance or maintenance the certain position lines
play a major role during the whole aircraft flight. It de-
termine the movement of the aircraft on an exactly tra-
jectory. This process is an integral requirement for
navigational tasks and is applied at all stages of the air-
craft flight. In accordance with international documents
[1] strict requirements are set for the accuracy of main-
taining the specified lines of position. An accuracy of
maintaining the given parameters of motion is bound to
be related to the deviation of the aircraft from the pre-
planned trajectory and directly affects the safety of avia-
tion. Algorithms of alternative positioning techniques
are used on board of a civil aircraft in case of problems
of Global Navigation Satellite System (GNSS) function-
ing.

The most accurate alternative positioning algo-
rithm is the positioning using a pair of DMEs [2]. This
algorithm is used in the majority of modern Flight Man-
agement Systems (FMS). At the same time, it is impor-
tant to choose the optimal pair of DMEs that will pro-
vide the highest accuracy of positioning. According to
minimum equipment list, only two DME interrogators
should be present at aircraft avionics. Therefore, posi-
tioning algorithms in FMS can operate simultaneously
only with a one DME/DME or VOR/DME pair. Geo-
metric factor associated with the geometry of naviga-
tional aids relative position is considered as the most
significant factor of positioning accuracy decreasing.
Another component of accuracy estimation is the preci-
sion of DME measurements, related to accuracy of de-
termining the distances between aircraft and naviga-
tional aids.

Questions of positioning errors were considered in
different scientific papers. In particular, Euiho Kim ex-
plored the use of new forms of DME navigation signals
to improve measurement accuracy of DME [3]; S. Lo
and P. Enge studied the components of distance defter-

mination error [4], S. Li, Y. Ni and N. Cai studied issues
of DMEs location optimal choise [5]; I. Ostroumov in-
vestigated accuracy of positioning with all available
DMEs in a certain part of airspace [6-8]. However, ob-
tained results do not reflect the real capabilities of air-
craft avionics but are directed towards to optimize DME
ground network.

In accordance with mensioned above, the main ob-
Jjective of the article is to estimate the maximum posi-
tioning accuracy that can be obtained by choosing the
optimal DME/DME or VOR/DME pair in flight man-
agement system for a certain aircraft location in some
part of Ukrainian airspace.

Estimation of DME/DME error

Aircraft positioning using information from DME
is based on the simultaneous use of two sets of equip-
ment that determine distances to two different naviga-
tional aids. In the general case, it is assumed that results
of measurements are obtained simultaneously, and
sometimes delay of information from one of two navi-
gational aids with longer distance can be neglected. In
this case, an aircraft location is at the point of intersec-
tion of the aircraft position circular lines relative to
navigational aid (fig. 1). The action of errors in deter-
mining distances A using DME leads to the fact that
resulting aircraft location will differ from the true one.
Thus, it is shown on fig. 1 that the results of measure-
ments of distances R, and R using DME A and DME B
contain errors A4 and Ap respectively. The point of in-
tersection of position lines A and B gives the aircraf
location P;, which differs from the true location P, by
the error value Ap. Estimation of location determination
errors is very important task of navigation systems. We
perform an estimation of positioning error Ap using
known errors of DME systems.

At long distances, the curvature of the position
lines can be neglected and lines can be considered to be
straight on fig. 1.
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Fig. 1. Positioning error estimation

A case of aircraft coordinates determination using
intersection of two lines of the location, formed from
distance measurements (R, and Rg) to DME A and
DME B is shown on fig. 1. Point P; corresponds to de-
termined aircraft location. The presence of errors (Aa
and Ag) in the results of distance measurements allows
to draw lines of the true location at the intersection of
which P, (the point of the true aircraft position) is lo-
cated.

The distance between points of location P; and P,
is the radial error Ap, which determines the accuracy of
aircraft coordinates.

To estimate an error value Ap, we use the angle
aap, (angle between the directions on DME A and DME
B), which can be determined by the basis of naviga-
tional aid pair:

2 2 2
oap = arccos[MJ .
2R \Rjp

Since the lines of location are perpendicular to the

radial distances of R, and Rp, and the angles formed by

two perpendicular angles are the same, then the angle of

the line of position will be equal to the angle aug,

formed by the directions on the DME. The error Ap is

determined by the theorem of cosines from the triangle
O,P,P,:
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Since the errors A, and Ap are random variables,
then the radial error Ap will have a random nature.
Then

2 GBZ +GA2—2PGAGB COS((X,AB)
(0} =
’ Sin((X,AB )2 ’

where p is the coefficient of mutual correlation of meas-
urement errors of the position line.

Since information about R, and Rg is obtained
from different DMEs, we will have independent meas-
urement errors for the position lines, for which p = 0,
then we will have:

2 _ op’ +0,°

sin ((X,AB )2

(1)

Gp

Therefore, mean square error of determining the
aircraft location depends on the mean square error of
measuring the position lines and the angle between the
directions to DME. The maximum accuracy of location
will be observed when crossing of position lines will be
perpendicular to each other.

Constant value of osp angle graphically corre-
sponds to a circular line, the chord D, of which is the
basis distance between DMEs. DMEs are located on a
circular line at the points of intersection of the chord.
Lines of the circles will be symmetrical on both sides of
the chord. Lines of constant angles above the chord line
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for BRP (Boryspil) and IKV (Kyiv/Zhyliany) DMEs at
FL20 within the area of their availability estimated by
method [9] are represented on fig. 2.
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Fig. 2. Lines of the same angles
between direction to IKV and BRP DMEs

Radius of circle is calculated as follow [10]:

d

2sin (%&Bj
2

Coordinates of a circle center in the local coordi-
nate system, center of which is located in DME A, and
X axis is directed towards DME B, can be calculated by
the following expression:

d

Xe =75 Ye

2

Since the denominator in (1) is a value with con-
stant circular lines, and the effect of errors in the numera-
tor is not very strong, the resulting lines of identical loca-
tion determination errors will have the circular form
(fig. 3). In addition, the angle and error values shown on
fig. 2 and 3 correspondently are within DMEs operational
area.

According to (1), the maximum positioning accu-
racy will occur for

R =

d
=5Ctg((X,AB).

sin (UvAB) = 1, with OAB — 90°.

For this circle, the distance Dpg to DME will be a
diameter, and the center of circle is located at point with
coordinates:

x.=d/2,y.=0.

Operation area of DME/DME positioning is basicly
limited by the level of double accuracy decreasing:
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Fig. 3. Error of positioning by DME/DME
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Corespondingly, an area bounded by lines of fixed
angles (30° and 150%) will correspond to a double accu-
racy decreasing. The values on fig. 2 and fig. 3 are rep-
resented within double accuracy decreasing area for
BRP and IKV DMEs.

An important stage in the position accuracy calcu-
lation is the estimation of an area within which the
probability of aircraft location will correspond to a cer-
tain P value. In case of independent measurements and
the assumption that random errors in determining the
position lines are determined by Gaussian distribution,
then the distribution of location determination errors is
described by double Gaussian distribution of a random

variable:
I[AAZABZ]
1 2l & 2 p 2
Ay, Ag)=—c A "B/
p( A B) 2MG A OR

The probability of aircraft location in a particular
area will be constant within ellipse of errors that is de-
scribed by equation [11]:

LY S

=K .
GA2 (532

Probability of aircraft location within ellipse is as
follows:

P=1-c* o k= 2m(1-P).

Also, an approach that estimates the area of a par-
allelogram formed by the lines of the true and measured
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position [11] can be used to evaluate the influence of the
relative DME position:

S=CACBSin(aB).

Distance error of DME measurement is considered
to be the sum of error occurring during the signal
propagation in space (ogs) and an error introduced by
the airborne interagetor c; [1, 12]:

2 2 2
OpPMEA,B_ = Osis T Oair -

The maximum permissible value of oy is defined
as 0.05 nm [1]. At that time, the maximum permissible
value of o, is limited to 0.085 nm according to RTCA
DO-189 [12], and, according to ICAO DOC-9613 [1],
can be calculated as follows:

G.;=max{0.085 nm; 0,125% R},
where R — measured distance.

Estimation of VOR/DME error

A method of position line determination by a com-
bination of distance and angle measuring equipment is
widely used in aircraft navigation systems. Location of
DME and VOR at the same point allows to determine
aircraft position using range and azimuthal crossing
lines. The formula for positioning errors estimating is
derived from triangles on fig. 4:

2
63 =03 +(2dsin(%xﬁ = o3 +2d° (l—cos (Ga )) .

A

N
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Fig. 4. Positioning error of VOR/DME method

Since the errors of azimuth determination basicly
do not depend on the direction, the lines of identical
errors have circular form with radii depending on the
required accuracy:

2 2
Op —Oy4

The results of positioning errors estimation for
BRP VOR/DME are shown on fig. 5.

R =

Selection of positioning method

During the flight, the choice of the appropriate po-
sitioning method and optimal navigational aids, that will

provide the most accurate position line maintaining or
determination of the coordinates of aircraft location, is
important step in navigational algorithm. The value of
mean-square deviation is used as an optimal criterion.
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Fig. 5. Errors of BRP VOR/DME positioning

In general case, a pair of navigational aids is cho-
sen to provide the least value of mean square deviation.
This estimation is performed separately for each of the
available positioning methods. A positioning method is
selected grounding on the minimum error of position-
ing.

We perform a comparison of DME/DME and
VOR/DME positioning methods based on their accu-
racy. Let’s compare values of DME/DME positioning
errors on fig. 3 with errors of VOR/DME on fig. 5 and
determine the optimal positioning method. In this case,
the accuracy of VOR/DME is limited to 600m. Results
of area estimation of an appropriate positioning method
are shown on fig. 6.
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Fig. 6. Areas of an appropriate
positioning method
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Conclusion

An accuracy of maintaining an aircraft position
line is one of the main characteristics of aviation safety.
Given mathematical dependencies allow to estimate
accuracy of positioning by a pair of DME/DME and
VOR/DME navigational aids.

In addition, computer based simulation for BRP
and IKV navigational aids was performed and areas of
an appropriate positioning method was estimated in
terms of accuracy.
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Penensent: 1-p Texs. Hayk, npo¢. O.B. Kozenkos, [lepxas-
HMI yHIBEPCHUTET TeleKoMyHikarii, Kuis.

NOXMNBKA NMO3ULIIOHYBAHHA
3A NAPAMU DME/DME TA VOR/DME PALJIOMASAKIB

L.B. Octpoymos

Cb0200Hi Memoou 30HaNbHOI Hasieayii 6UKOPUCTNOBYIOMbCA Y AKOCMI ANbIMEPHAMUBHUX 00 2100ANbHUX CYNYMHUKOBUX CU-
cmem nozuyionyeanns. Haiibinew nonynapui anemepnamugni Memoou nO3UYioHy8auHs y 0OYUCTIOBANbHIN cucmeMi Timakoso-
OIHHSL 2YPMYIOMbCS. HA GUKOPUCMANT OANbHOMIpHUX padiomasnkie. Oyiniosants NoxuboK GUHAYEHHSI KOOPOUHAM MICYenono-
JiCeHHsl TIIMAKa € OOHUM 3 8AXCIUBUX 3A80aHb Hasieayil. Y cmammi po3ensinymo npoonemy oyiHo8ants NOXUuboK NO3UYIOHY8AHHS
3a oanexomipuum obnaonannsim DME. Bionogiono misxchapoonum umozam 00 ckaady 60pmogoco 001aoHanHs imaxka yugiibHoi
asiayii npobnema poszenanyma 3 mouku 30py 3acmocyganus onmumanvroi napu DME. Bukonano oyinioganHs MakcumanbHoi
mounocmi nasieayii 3a DME/DME ons nosimpsnozco npocmopy Ykpainuu 3a ymosu 6uKopucmamns OnmumanisHoi napu padiona-
GleayiiHux Mo4oK.

Knrouogi cnosa: DME, DME/DME, VOR/DME, oanexomipue obnaonanms, mounicms, napa padionagieayiiiHux mo4ox,
nogimpsinuil npocmip, Yxpaina, nosuyionysanns, anbmepuamugni memoou nosuyionysanns, APTN.

OLUUBKA NO3ULUMOHUPOBAHUA
no NAPAM DME/DME U VOR/DME PAIMOMASAKOB

N.B. Octpoymos

Ce200ms MemoObl 30HANLHOU HABUSAYUL UCHONL3YIOMCA 8 KAYecmee anbmepHamueHbiX K 2100a1bHbIM CNYMHUKOGbIM CUC-
memam nosuyuonuposanus. Haubonee nonynapuvie anvmepnamushsle Memoosl NOZUYUOHUPOBAHUS 6 BLIYUCIUMENbHOU CUCHeMe
Camonémosoxcoens OCHOBbIBAIOMCS HA UCHONb308AHHbIE OALHOMEPHBIX paouomasxkos. Oyenueanue nozpewnocmeli onpeoene-
HUsL KOOPOUHAM MECIONONONHCEHUS CAMONEMA ABNAEMCA OOHOU U3 BAMCHBIX 3a0ay Hagueayuu. B cmamve paccmompena npobne-
Ma OYeHKU nozpewHocmell NO3UYUOHUPOBAHUs No danbhomephomy obopyoosanuio DME. Coenacrno medcoynapoonvim mpebosa-
HUSAM 8bI0BULAIOWEMCSL K COCMABY 60pmo8oco 060py008anus camonéma epalcoanckoli asuayuu npoorema paccmompena ¢
MOYKU 3peHus NPUMeHeHUus OnmumansHoll napsl paouomasxkos DME. Ilpousgedena oyenka MakcumanbHOU moYHOCMU HAGU2d-
yuu no DME / DME 0ns 6030yunoco npocmpancmea Yxkpautvl npu ycioguu UCHOIb308aHUS ONMUMATLHOU NAPbl pAOUOHABU2A-
YUOHHBIX MOYEX.

Knroueswvie cnosa: DME, DME/DME, VOR/DME, oanvhomeproe 060pydoganue, mouHocmb, napa paouoHagueayuOHHbIX
moyex, 6030yutHoe NPOCMpancmeo, Yxpauna, nosuyuonuposanue, aibmepHamusHsle memoovl nosuyuonuposanus, APTN.
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