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In paper the state and the prospects for satellite naviga-
tion systems (SNS) GPS/GLONASS in Bulgaria are presented. Following
ICAO, sever requirements were- imposed on ihe integrity and accuracy charac-
teristics of air positioning, in the last flight stages. The potentialifies for con-
trol stations siting in zones of higher accuracy and integrity requirements of
civil users is discussed. Such station will provide continuous integrity and qua-
lity monitoring of navigation signals and function as NAVSAT pseudosatellite.

The results obtained from simulations prove the advantages of the proposed
approach,

I. SNS use in Bulgaria — state and prospects

Navigation is one of pioneer fields of utilization of the
first satellite, Jaunched on Qctober 4ih, 1957. The experimental results ser-
ved as basis of the TRANZIT and TZICADA navigation systems, proving ihe
advantages of such systems for more than 20 years. Now we are on the thre-
shold of configuration completion of the so-called second generation space
navigation systems — GPS NAVSTAR and GLONASS, having the potentials
to meet the demands for positioning of wide area of users. However, they are
designed and developed for military purposes.

In Bulgaria, SNS use was limited — mainly for marine navigation. The
reasons are as follows:

— lack of information among potential users; -

—~ 1o guarantees for civil-users bécause the systems arc owned by USA
and RUSSIA respectively, and are under military conlrol; ral

— comparatively high costs of users’ equipment;

However, the economic stabilization processes and the transport infra-
structure development in Bulgaria arc expected to rise the interest towards
SNS services. Besides, due to the geographic situation: and the groving trans-
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portation tralfic, development of the ground-based support for local (regional)
system accuracy and reliabilily is imposed.

The space navigalion and communications division at the Space Research
Institute is investigating into {he poleniial SNS difierential mode use in ma-
rine, land and air fransport, as well as research experiments for high-accuracy
positioning in the fields of geodesy and surveying.

2. Disadvantages of GPS and GLONASS

The major GPS/GLONASS disadvantages concerning
civil use incorporates technical, economic and political elements, namely:
1) air and marine users demands for accurasy and integrity are nol salis-

fied for certain ilight and ship navigation phases; )

2) both systems design and first stage took place in the cold war period as
mililary support systems and as such their acceptance as international navi-
gation systems is difficult. The geopolitical changes impose gradual interna-
tionalization on the systems and probably the control functions should be exe-
cuted by inlernational body, like INMARSAT. Thus, necessary guarantees
will be provided for their future civil utilization and maintenance costs re-
covary;

3{ another SNS disadvantage is the contradiction between their glol?al
character, the high accuracy requirements of civil users and pational secug‘lty
resirictions. For example, in military conflict regions, the sysiem desactiva-
tion is impossible without disturbing the system funclioning in other parts of
the earth. Thus, the future discussion and legalization of the following is needed:

— limits should be imposed on maximum autonomous positioning accu-
racy of objects on the terrifory, air-space and territorial waters of souvereign
countries via.global sateliife navigation systems;

— zones requiring higher accuracy positioning should be controtled and
defined by state authorities;

3. System integrity and navigation signal
quality

3.1. Integrity

- Integrity is lhe capability of in — time wornings emis-
sion during periods of redused navigation system positioning accuracy. Cri-
terion for integrity is the time, necessary to warn the user, while criterion for
decision-making whelher system failure is present is the real position accura-
cy. The civil aviation imposes certain requirements for navigation support
precision and integrity, depending on the ilight phases, see Table I [1].

The satellite navigation message contains information bits about health
status, but they may be erroneus for 15 minutes to several hours, to rectify.
There are three alternatives for resolve the above mantion problem:

1} Autonomous integrity control in the navigalion receiver. Then at least
6 satellites in good geometric configuration are recuired for detection and eli-
mination of satelliie mulfunclions, and if it is used a GPS/GLONASS receiver,
configuration complexity is enhanced, while response time is redused.

64



Table i
The FAA navigation system accuracy and integrity requiremenis

Operationai Accuracy (2 drms) o [%tegrity
phase - me {o
Min, alt, Lateral Vertical 1 alarm
En route ; termingl 152 m 74 km 500 m 0s/30s
Approach landing;
Non-precision 76,2 m 3,7 km 100 m 10s
Precision T 30,5 m 91 m Im 08
Precision H 152 m 4,6 m 1.4 m 1s
Precision 111 Om 4,1 m 0,5 m 1s

2) Wideband GPS/GLONASS Integrity Chanel (WB GIC) [2], using 4
geostationary satellites. In this case, messages for satellite elimination may be
transmitted due to higher accuracy requirements for the landing approach.
However, the same satellite may fulfil the requirements for en rout or terminal
[lights (false alarm). Besides, it is possible to use a satellite in non-precision
approach, which signals, due to local, atmospheric or other jamming is dis-
turbed, but WB GIC does not transmit alarm signal (missed detection).

3) Selective approach for integrity support. Definite flight phases, like
ocean and domestic routes and terminal area, are WB GIC supported, while
the precision and non precision approach are ground suported simultaneously
with differential SNS mode. Ground support may be executed by wide-area
dilferential GPS /GLONASS (WDSNS) [3] with integrity control and zonal
differential GPS/GLONASS (ZDSNS) with integrity control. WDSNS advan-
tage is that the ground differential station number is limtited, however the
vertical accuracy 1'e%uiremeﬂt for precision approach CAT 1 are not satisfied.
Also, it has no capabilities for positioning accuracy control by state authori-
ties over domestic territories. That's why ZDSNS using is most appropriate,
where a receiver with pseudorange corrections in integrated dopler aiding mode
is sufficient for CAT I precision approach [1], while the phase ambiguity prob-
lem solution in real-time will ensure a precision CAT 11 and €AT 111 approach.
In Bulgaria, ZDSNS may be realised via two control stations (Fig. 1), sited
in the eastern @and western regions in the whereabouts of main international
airports,

3.2. Quality 2

Navigation signal quality characterizes the potential
positioning accuracy and is determined by the factors influencing the naviga-
tion measurement process. Thus, its control is connected with the systems in-
tegrity as a whole. The position coordinates for a given user are obtained by

seudorange measurements to 4 satellites and solving the basic navigation equa-
ion, whose linerized form is (1):
(1) Z=HXto,
where Z— measurement vector; X — state vector of the position coor-
dinates and user clock offset; » — measurement noise; H — measurement
matrix. .
Or the position accuracy depends on the measurement errors and satellite geo-
metry. The measure of the sensitivity o error inherent in navigation solufion
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Table 2
Pseudo-range ervors with and without differential corrections
Bias eriors Rg_':.g?;n Bias errors Ri'_‘f{:’if‘?
Source of error wo,;DGPS w/DGPS el
(Motors) wo/DGPS (Meters) wiGPS
s (1, Meters) el (lo, Meters)
Space segment and SA ervor
Ephemeris data 4,0 0,6 210 8 0.4
Satellite clock 1,5 0,7 0,0 0,7
Selective availabilitg 30,0 0,0 1,22%10 % 0.0
Communication link errors
Tonosphere 4.0 0.0 2x10 @ 0,0
Troposphere 0,5 0,5 0,5 3.5
Multipath a0 1,0 0,0 1.0

5 is the uset — reference statioff ®Eparation {in melers);
T is the age of correction (in seconds)

is determined by the termi geometrical dilulion of precision — GDOP

(2) GDOP== [Tr (HH)™'].

The major error sources, systematic and random, summarized in Table 2,

are due to:

— errors associaled with space segment, as ephemeris data, satellite clock

and selective availability S/A;

— errors associated with propagation of the signals in ionosphere, tropo-

sphere and multipath. .

Real-time quality control should be realized by permancnt estimation and
identification of the errors introdused by wvarious sources. .
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4. ‘Performance of zone- differential SNS with
integrity monitoring

The best estimate of posilion aceuricy is the aposterior
efror covariance in navigation solution

(3) Py=[HR-H4-P—}]-1,

where Py is apriory error covariance.

It is clear, that P depends on satellite geometry and error covariance in
navigation measurements. Hence, integrity monitoring will be based on geo-
mefry and navigation measurements accuracy assessmoent,

Goal of the simulated operations wilh primary 21 satellile GPS constella-
tion was investigation of the influence of user, satellites and control station
geometry on user position accuracy in controled zone. The resulfs show, that:

I) The position dilution of precision variation PDOP in the airport zone
towards PDOP in the control point will influence insignificantly the objects
positioning accuracy (Fig. 2).

2) The performance of differential mode by pscudolite will increase pos-
sible combination for measurement with PDOP<« 6, and if GLONASS and
INMARSAT-3 come into line, that increasing will be considerably (Fig. 3),

3) Considerably improving of vertical dilution of precision VDOP by using
ol a pseudolit (Fig. 4).

The navigation signals quality moniioring is performed (Fig. 5) by con-
tinuous assessment of the pseudorange and deltapscudorange measurements in
the receiver (all in view with appropriate “masi” angle} on the basis of local
atmospheric and satellite motion modells. Besides, in the error analysis block
ate determined offsets between local reference time and GPS/GLONASS $ys-
tem time and the corrections concerning lhe differencies between GPS and
GLONASS, Then in the decision —- making block, the most suitable satelli-
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tes (Ulh‘et plus one stand — by GPSH’GLONASS Haielllteb] are select(:d to ob-
tain minimal positioning error.

11;, 4. VDOP with émd without |ncudulll|_

The compalability of integriby.. momtormg opelaflons and leerentldl

mode via NAVSAT pseudolite requires alarm message different from *

— don't use™, as that will be in W GIC.-Navigation data shotld include fol-

lowing:
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Fig. 5. Performance of DGPS wilh fitegrity monitoring

— the four GPS/GLONASS satellite number with their pseudorange cor-
rections;

— orbilal data version for those satellites, i. e. issue of data ephemeris
{(I0DEY;

— control siation coordinates;

— time corrections to GPS and GLONASS system time, respectively;

— warning, i positioning with required accuracy is impossible;

The computation procedure is simpler for combined GPS/GLONASS re-
ceiver, if the navigation message contain also:

— clock offset between GPS and GLONASS system time; :

— correction data for World Geodelic system (WGS 84) and Soviet Geo-
centric Coordinate System {(SGS 85} local difference. _

It has been suggested that the GPS receivers already have capability te
demodulate data at any rate submultiple of the /A code epoch (and that will
enable to increase the advantages in the using NAVSAT pseudotite.

5. Conclusion

The accuracy and integrity requirements of avio users
imposed the idea for zonal integrity monitoring of SNS like GPS and GLONASS
simultaneovs with differential mode realization via a NAVSAT pseudolite.
The future solution of GPS/GLONASS institutional and international prob-
lems, or the NAVSAT concept realization [5], will provide for an independent
civil aviation satellite navigation system. Such system with NAVSAT pseudo-
lites, operating in universal coordinate system and utilizing also electronic
airnautical maps and satellite communications will be set an entirely new ba-
sis Tor flight support operations in all flight phases,
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Peruonafei koUTPOA HA HHTETPHIETa I
KAUCCTBOTO Ma CHTNAJHTE 0T KOCMUTLCKHTE
uasuraguonnn cucremu GPS/GLONASS

Ancen Xpucmos, Opaun Heenucos

{(Peawye)

B cratuara ca aunaaH3MpaHi OCHOBIHTE METGAH 33 pas-
petilasale ua npolaeMuTe, CRLPIANK C WHTEPPHTETA W TOUHOCTTY 11 CIVLTHHKOBH-
Te gapurauuongu cuctemu (CHC) — GPS — NAVSTAR u GLONASS n e uzno-
MKCIE CTPYKTYPaTa Ha CXCMd 3a 30HANEH MOHHTOPHHT HA HHTETPHTETA H KAUCCT-
BOTO HA NABHTANMOHHWTC CHIHAAK B KOMOWIapW# € peajuzupale Ha Andepen-
HAAEH pexiuM 11a paGora.

Mzxomaaficy o1 upcnophiute na Mexayuapoivara oprall3auka 3a rpadi-
Aamcka asuannis {ICAO) u Mewmaynaponuara mopcka oprauuzains {IMO},
NOCTABSILE TBHPAE BUCOKH H3HCKBAHUS HO OTHOWEHWE HITCTPHTETA H TOHHOCTHH-
Te XaPAKTEPUCTHKN HA DO3WIHOHHPAHC (4 CAMOACTHTE B 3aRLPNIBANIHTE (ha3H 14
OoJgCTA H Aa KopaGoBOAEHeTO NPH 11ABMAN3ARE B UIPHCTAIIMINA B BIBB BOAM C Orpa-
HHYCHA CBOGOSA HA MAHCBPMpPAIC, TO ¢ YAAUHO B I0HHTE, CBHPRAHM C TOA0OHY
HSTICKBAIMS Jla GBlAT HITPAAEHH KOHTPOAHM cTaunuk. Taxusa crtanume (Hcen-
LOCHTC/AHTH) HCHPCKBCHATO HIe KONTPONHPAT MATErpHTETA M KayecTBOTO Ha Ha-
BATAUMOHHHTE CHIHAAM M [HE H3MBJAHABAT 1IKOH 0T DYHKUMKTE HAa CIpTHUHNTE
INMARSAT-3, xarto:

— H3ABUBANE Tid HABUIALHOUEIN CHPUAM,

-— npepaBane ua januu 3a uaterpurera na GPS w GLONASS,

Ocrelt TOBa JOKAMIHTE CTANIHE e OCHTYPABAT AHQICPEHIHANHE KOPEKIIHY
32 UOCTHTANC Na TOYNOCTHHTE H3MCKBALHS 1a NOTpeSHTeIHTE B OBCAYMBANATA
30HA.
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