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Abstract

Purpose: The represented research results are aimed to develop a new positioning method that uses DME
signals in space and ADS-B messages from airspace users. Proposed approach of positioning is based on
passive signal collection and analysis. One aircraft interacting with two different DMEs is a source of three
hyperbolic lines of location, crossed point of which can indicate passive user location. Methods: Presented
approach is grounded at time difference of arrival methods, statistical methods of error estimation and
computer-based simulation at verification stage of development. Results: Proposed method of aircraft
coordinates detection can reduce the load on DME ground network, since it focuses on the passive
observation of DME signals that are present in airspace. Discussion: The approach can be implemented in

algorithms of flight management system as an alternative positioning method to existing ones.

Keywords: ADS-B; aircraft; coordinates; DME; passive; positioning; TDOA

1. Introduction

Positioning methods for aircraft navigation play one
of the key roles in guaranteeing safety of air
transport. This introduces strong requirements for
accuracy characteristics of determining the aircraft
location in the airspace. A task of aircraft
positioning is especially topical in conditions of
constant increase of airspace loading and
strengthening of precision requirements to
performance based navigation. The modern air
navigation system introduces rigid requirements
regarding an availability, accuracy, continuity and
integrity of aircraft positioning systems [1]. The
services of each of today's positioning systems are
limited to certain values of these parameters [2].
Integrity is considered to be the most important
factor in terms of aviation safety. It is not possible to
know if the received information is accurate without
guaranteeing an integrity of the system. Today, the
global navigation satellite system (GNSS), the
Inertial Navigation System and area navigation
methods, used in the flight management system, use
information from navigational aids (VOR, DME,
NDB, TACAN) for positioning purposes, act as
coordinate information sensors on board of civil
aircraft.

Modern air navigation system operates using a
large number of radio equipment, each of which uses
electromagnetic waves of a certain radio frequency.

Different on-board equipment of aircraft uses
electromagnetic ~ waves in  different  ways.
Communication equipment provides the
transmission of information messages, equipment of
navigation and surveillance provides determination
of angular and time information. During the flight,
each of these systems is engaged and, together with
other systems, transform an aircraft into a source of
electromagnetic waves propagation. In particular
Distance Measurement Equipment (DME) uses radio
waves for distance measuring. After receiving the
request signal, the ground DME is blocked by the
delay time for other requests, which limits the total
number of aircraft with which DME can interact. On
the other hand, the volume of air traffic is constantly
increasing, and each 15 years it doubles. This leads
to a constant increase in airspace loading and to
increase in sources of electromagnetic radiation.
Passive signal tracking allows to determine the
location of radiation sources and to use the
aeronautical signal field for positioning in airspace.

2. Analysis of the research and publications

The use of signals from DME for passive
positioning purposes was considered by Lo S. and
Enge P. [3, 4]. They proposed that special DME
ground interrogators, located in a known location,
should be used. Using known time of transmission,
an aircraft can receive the DME periodic responses
and detect distance to DME. Also, many studies
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have been conducted on the integration of various
navigation systems. In particular, Euiho Kim
explored the combination of Time-of-Arrival
positioning method with multilateration [5, 6].
Positioning questions with the use of diverse ranging
were considered by Wu R. and S. Davidson in [7].
However, the issues of passive positioning using
DME signals within the existing aeronautical system
were not investigated.

Results represented in the article are the
continuation of author's research on the development
and study of alternatives to GNSS positioning
techniques using the existing network of
navigational aids [8, 9].

3. Aim of the paper

Therefore, the main purpose of the paper is to
develop and study an alternative positioning method
for the passive use of DME signals from
interrogators of other airspace users and a use of
combination of coordinate information received by
Automatic Dependent Surveillance Broadcast (ADS-
B) concept.

4. Navigation equation

The DME signals field is sufficiently informatively
defined to determine aircraft location using its
parameters. In addition, the DME system is
considered to be perspective in accordance with
modern concepts. We will use the field of DME
signals generated by a single aircraft that interacts
with one DME/DME pair simultaneously for
purposes of passive positioning (fig. 1). Both on-
board DMEs work synchronously and use the same
encoded distance between paired pulses in the
request signals.

Aircraft
interrogator

Passive receiver

Fig. 1. The principle of passive method to determine
aircraft coordinates

Also, both of them are tuned to the frequency of two
different DMEs. The use of one coded distance in
the request signals enables an aircraft, containing the
passive DME signal receiver, to capture the signal
propagation time and recognize the response from
the DME ground stations.As can be seen from fig. 1,
an aircraft with active interrogation sends request
signals simultaneously to DME A and DME B at
time ¢, . After ¢, time, the request signal is received
in DME A and after a certain delay ¢4, a response
signal is generated at the response frequency, which
can be received by the passive receiver after 7,4, time
(Fig. 2). Time of signal arrival via DME A is:

=ttty Tyt g
Similarly, the arrival time of a navigation signal to a
passive observer via DME B is:

tb:t1+fB+TB+tBB.
Request signal from an active aircraft to passive
receiver is the following:

t.=t,+rc’.

If we use the hyperbolic navigation principle, we can
find the line of position - hyperbole. Let’s write the
difference in time of fixing signals by a passive
receiver:

(R4-Rp)C" =tyty=t;+ 14T+t t1-tp-Tp-tgp,
La=ty= Lyt T4 ty4-1p-Tp-IpB,
(RA-V)CJ:ta-tC: t1+l‘A+TA+tAA- 11-}"0_1,
tte= tytoytty-re,

(RB—F)C_]:tb-IC: l1+ tB+TB+tBB - t]—I”C_] ,
tb'tc:tB+TB+tBB — I"C_].

Also, let's assume that an active aircraft uses the

same DME channel, then:

T=T4=TpR.
Thus:
c(tyty)= ctyt ctyy— ctg— clpp,
C(t,t)= ctytcrytctyy—r,
c(ty-t.) = ctgtcrgtctgg—r.
Navigation equation using distances can be

represented as follow:
C(tyty)= ¥rat ryq—T—Tga,
C(tat)=ratertry —r, (D
c(ty-t,) = rgtcttrgg—r.
If we add distance formulas in (1) we can obtain the
general system of equations in the next form:
C(tyty)= ru-rp +ra4-Tps,
C(tyt)= rq- rry +ct,
c(ty-t.) = rg-rtryp +ct,
FZA:(xc_xA)j+(.)}C'yA)j+(ZC'ZA)jr (2)
¥ p=(xc-x) +(vc-yp) t(zc-zB)",
2 _ 2 2 2
VZC—(X-XC) ;‘(J/-J/c) j(Z-ZC) )
rZAA=(x—xA)2+(y-yA)2+(z—zA)2,
1 pp=(x-xp)"+(y-yp) +(z-zp)".
As can be seen from the system of equations (2), for
its solution it is necessary to have coordinates of
DME:s position and the location of the active aircraft
that can be obtained from ADS-B message.
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Fig. 2. Time signal diagram of passive positioning

For the solution of the system of equations (2) we
apply an iterative approach with linearization in a
Taylor series expansion. The matrix of partial

derivatives according to Taylor series expansion of
(2) for unknown coordinates is:

XACFTi™ X4 Xacrri=*B  VAcFri=Va4 _VAcFTi—VB  ZACFTi— 24 _Z2ACFTi—%B
F44 §:):] Y44 1y F44 y:):]
H= Xacrrim X4 XacrrimXc  YacrrimVa  YacrrimYc  ZacrriTZa4  ZacFTiZC |, (3)
T'44 Ic T44 Ic Y44 Ic
XacrrimXB _XacrrimXc  YacrrimVB _YacrrimYc  ZACFTiTZB _ ZACFTiZC
§:):] Ic y:):] Ic y:):] Ic ]

The deviation of each iteration i from the true value
is determined in the following way:
Au=(H'H"' H'AR,

where
Ax AR[,] _(RA _RB)
Au=|Ay|, AR = ARi,z_(RA_RC) .
Az AR5 —(Ry = Rc)

An iterative approach requires setting the starting
point for finding a solution. The result of the
solution of equation provides a deviation of the
coordinates from the true value relatively to the
previous one. The algorithm will consistently
aproximate the solution until the solution satisfies
the required precision by setting a certain value of
accuracy.

5. Method of passive positioning

A method of passive positioning using combined
information of DME and ADS-B is shown on fig. 3
in the form of a structural scheme. As an input, the
method requires inaccurate coordinates of location
that are necessary to estimate the availability of
DMEs and to use as a reference point of the
coordinate search. The estimation of availability is
carried out according to the method specified in [10]
using DME technical characteristics from
aeronavigation database. The identifiers of the
available navigational aids are used to configure the
receiver to search available DMEs. Using received
and decoded signals, the exact timestamp of their
receiving and the unique aicraft identifier that sent
them is captured.
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Moreover, the receiver equipment monitors the
frequencies of DMEs and response frequencies. At
the next step, the presence of the minimum required
information for positioning is checked. Comparing
aircraft identifier, the DME request signals and two
response signals are determined. On the basis of
obtained ¢,1,,t., their differences are determined and
the distance differences ARap, ARac, ARpc are
calculated. At the last step, created H by (3) and 4R
matrices are used by an iterative linearization

Initial coordinates of
aircraft location

algorithm of Taylor series expansion to determine
the coordinates of aircraft location. Estimated
aircraft location in North-East-Down (NED)
coordinate system are transformed to Latitude-
Longitude-Altitude (LLA) for further usage by on-
board systems.

Proposed method requires the use of a multi-channel
receiver of DME signals and equipment for
receiving ADS-B information about air traffic.

AACFTO, ) . .
i ACFT, PACFTV > Estimation of available DMEs
A
ID Apme @pove Hpue F;
ADS-B receiver
Air navigation
data base JoumE DME receiver
Aaps PapsH aps of DMEs

v/lACFTOJ @acrro, Hacrro i i Apyme @ome Hpue ! U
Transformation of Transformation of

coordinate systems ‘ID REF coordinate systems ‘IDREF Reseiving signal

LLA/NED A LLA/NED time fixing
VXOYOZO XDMEYDMEZDME" XADSYADSZADS t v
Xo XACETOVACFT H Checking for sufficient
Z 2crT0 > information
A
x ~ . .
T ACFTi, V4 CF?, H totpte
ZACFT, v v
Time determination
Transformation of t-ty
coordinate systems |4 o Iterative algorithm with ‘ARAB ARuc tot,
NED/LLA Taylor series expansion ARc ty-t,

¢ v
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Fig. 3. Structural scheme of passive positioning method using combined DME and ADS-B data

6. Verification

Verification of proposed method was performed by
computer simulation using information of air traffic.
Air traffic data was recorded by the ground station
receiving signals in ADS-B format. Trajectory

information used in simulation contained aircraft
location in latitude, longitude and barometric
altitude format. In addition, each aircraft track was
recognized by a unique ICAO aircraft identifier.
Since ADS-B data contains non-synchronized
aircraft coordinate measurements in time, the spline-
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function interpolation method is applied to bring
data to a common-time scale. Results of ADS-B
observations were set to a common measurement
time and air traffic data is represented on fig. 4.
Aircraft are marked by diamonds with unique
identification codes.
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Fig. 4. Air traffic data from ADS-B messages set to a
common measurement time
At the next step a computer simulation of DME
ground network and its availability estimation for

airspace users was performed. In the simulation, a
model of DME equipment radio signals and
propagation of radio waves in space were used. To
simplify a simulation, the impact of terrain on
distance determination in DME was not taken into
account. In addition, the investigation assumed the
multi-signaling of on-board equipment, that means
that each aircraft interacted with all DMEs available
within its operational range. Estimation of
availability is carried out according to the method
represented in [10]. As an example, results of
distance measurements for aircraft with codes
“5081E7” and “508107” together with DMEs
“BRP” and “YHT” are shown on Fig. 5.

Simulation of the passive positioning method was
done for the case of a stationary observer located at
the coordinates (A=50°N,p=31° E) at a certain height
of airspace (FL195). Results of determining the time
difference between DME messages are shown on
Fig. 6 without error influence. An accuracy of the
proposed method is investigated using statistical
observations. Results of coordinates estimation by
passive approach (2) considering measuring errors
are shown on Fig. 7.
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Fig.6. Differences in timing of DME messages
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Fig.7. Results of coordinates estimation

7. Conclusions

Proposed method of passive positioning based on
observations of DME signals and airspace users
coordinate information allows to determine the
coordinates of the observer's location within DME
operational range. Proposed method can reduce the
load on DME ground network, since it focuses on
the passive observation of DME signals already
present in airspace. One of the advantages of the
method is usage currently available signals in
airspace for positioning by TDOA principle.
However, the introduction of method requires the
development of new equipment for passive
surveillance, that uses scanning receiver.
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IMacuBHMII MeTOA MO3ULIIOHYBaHHS 32 iHpopManiero qanekoMipa Ta nM(POBUX NOBIAOMIIEHD Y
(opmaTi aBTOMaTHYHOI0 32JI€KHOTO CIIOCTEPEKEHHS
HarionansHuii aBianifinuit yaisepcureT, npoci. Kocmonasra Komapoga, 1, Kuie, 03680, Ykpaina

E-mail: ostroumovv(@ukr.net

Merta: npencTaBieHi pe3yJbTaTH JOCTIKEHb CHPSMOBaHI Ha po3poOKy HOBOTO METOIY MO3HIIOHYBaHHS,
mo BukopuctoBye curHaan DME B mpocrtopi Ta mosimomienHss ADS-B Bin kopucTyBadiB MOBITPSIHOTO
IPOCTOpY. 3arpONOHOBAHUM MiAXi]] MO3UI[IOHYBaHHS 0a3zyeTbess Ha 300pi Ta aHami3i curHanmiB. OnWH IiTaK,
o B3aemoie 3 nBoma pisanMu DME, € mkepemoM TphoX TimepOOTiYHHX JIHIH pO3TalryBaHHS, MEPETHH
SKHX MOJYKE BKa3yBaTH Ha pO3TAllyBaHHs KOpHCTyBaua. MeToam AOCITiIMKeHHSI: TPEACTaBICHUN ITiIXi]
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IPYHTY€ETHCS] HA BUKOPUCTAHHI Pi3HULIEBO-IaJIEeKOMiPHOMY METOY, CTATUCTUYHUX METO/aX OLIHKHA MOXHOOK
Ta KOMITIOTEPHOMY MO/JICITIOBaHHI. Pe3ybTaTH: 3aMponoOHOBaHUH METO]] BUSBJICHHS KOOPAWHAT JITATBHUX
amapariB MOXK€ 3MCHIMUTH HaBaHTAXCHHS Ha HazeMHy Mepexky DME, ockimbkm BiH 0asyeThcs Ha
MAaCHBHOMY criocTepeskeHHi curHainiB DME, npucyTHiX y noBitpsHoMy mpoctopi. Qorosopenns: ITinxin
MoOXe OyTH 3acTOCOBaHMU B QJITOPUTMax OOYUCIIOBANBLHOI CHUCTEMH JIITAKOBOMIHHS Y  SIKOCTI
TBTEPHATUBHOT'O METOJy TIO3HIIIOHYBAHHS JI0 iCHYIOUHX.

Kuro4oBi ciioBa: Jjlitak; KOOpAMHATH; TaCUBHUM; no3uiionyBanHs; ADS-B; DME; TDOA

N.B. OcTpoymoB

IIaccuBHBI MeTOX MO3MIMOHUPOBAHHS MO HHPOPMAIUHM AajdbHOMepa U IU(POBBIX COOOIIEHHH B
(popmaTe aBTOMATHYECKOT0 3aBUCHMOI0 HA0II0AeHUS

Haunonanbublif aBuallnoOHHBIM yHUBEpCUTET, yi1. KocMonasTa Komaposa, 1, Kues, 03680, Ykpauna

E-mail: ostroumovv(@ukr.net

Lenb: mnpencTaBicHHBIE pe3yJIbTAThl HCCICIOBAHMIA HANpaBICHBI Ha pa3pabOTKy HOBOTO METOja
TTO3UIIMOHUPOBAHMS, KOTOpPBIH wucmois3yeT curHaiasl DME B mpocTtpanctBe u coobmenus ADS-B
MOJIb30BaTENICH BO3AYIIHOIO MPOCTPAHCTBA. [IpeiosKeHHBIH MOAX0] MO3UIIMOHUPOBAHHUS Oa3MpyeTcs Ha
coope u aHamuse curHamoB. OaMH CcaMONIET, B3aUMOJCHUCTBYS C JAByMs pasnuunbiMu DME, sBnsercs
WCTOYHUKOM TPEX TUMEPOOIMUSCKUX IJIMHUM TIOJOXEHHS, MEepPecedeHne KOTOPhIX MOXKET yKa3blBaTh Ha
MECTOIOJIOKEHHE MONb30BaTeNsl. MeToAbl MCCAeAOBAHMS: IPEICTABICHHBIA IMOAXOJ OCHOBBIBACTCS Ha
WCIIOJNIb30BAaHUU PA3HOCTHO-JATHLHOMEPHOTO METOJA, CTATUCTHUECKHX METOJaX OIICHKU MOTPEIIHOCTEH U
KOMIIBIOTEPHOM ~ MOJENIUPOBaHUHU. Pe3yJbTarbl: NPENNOKEHHBII METOA ONpENENCHHUs KOOpAUHAT
JIeTaTeNbHBIX alapaToB MOXXET YMEHBIIUTh Harpy3Ky Ha HazeMHYyI0 ceTb DME, nockonbky 6a3upyercs Ha
MMacCMBHOM HabmtoneHnu curaagoB DME, nmpucyTCTBYIOMIMX B BO3AYIIHOM IpocTpaHCTBe. OOCy:KIeHue:
MOAXO0J] MOXET OBITh NPUMEHEH B AITOPUTMAX BBIYMCIUTEIBLHOW CHUCTEMBI CaMOJIETOBOXKIICHUS Kak
aNbTEPHATUBHBIN METOJ MO3ULMOHUPOBAHUS K CYIIECTBYOILIKM.

KuroueBble ¢jI0Ba: KOOPAWHATHI; JICTATENBHBIN ammapar; MacCUBHbBIN; mo3uiinonuposanue; ADS-B; DME;
TDOA
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