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on the integrity and accuracy charac-

ight stages. The potentialities lor con-

lity gr_onitoring of navigation sig-nals a
The results obtained from simulati

apploach.

l. SNS use in Bulgaria - state and prospects

f irst satellit", 1uun"hil"Jru3:ilb:? 
one of pioneer fields oI utilization of the

reasons are as follows:

- lack of information among poiential users;
l-io guarantees for civil useir becar.rse the..ryriemu are owned by usAand RUSSIA respectively, and are ,rncier mi1itr".y,"ontro,;

costs of users' equipment;
c stabilization processes and .a-
ulgaria are expected .to rise ds
to the geographic situation, a ls-
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portation traffic, clevelopment of the ground-based support for local (regional)
system accuracy and reliability is irnposed.

The space navigation and commu ications clivision at the Space Research
Institute is investigating into the potential SNS differential mode use in ma-
rine, land and air transport, 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:

l) air and marine users demands for accurasyand integrity are not satis-
iied for certain flight and ship navi

2) both systems .design and f irst st
military support systems and as such
gation systems is difficult. The geopo
tionalizalion on the systems and proba
cuted by international body, like IN
will be provided for their future civil
covarv:

3) another SNS disadvantage is the contradiction between their global
character, the high accuracy requirements of civil users and national security
restrictions. For example, in military conflict regions, the sysiem desactiva-
tion is impossible without disturbing the system functioning in other parts ol
the earth, Thus, the future cliscussion 

"and 
le{alization of the f ollowing 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 satellite navigation systems;

- zones requiring higher accur*acy posiiioning should be controlled and
defined by state authorities;

3. System ir-rtegrity and navigation signal
quality

3.1. Inteqrtlg

Infegrity is the capability of in - t.ime wornings emis-
sion during periods of redused navigation system positioning accuracy. Cri-
terion for integriiy is the time, neceSsary fs warn the user, while criterion for
decision-making wheiher 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 flight phases, see Table 1 [1].

The satellite navigation message contains information bits about health
status, but they may be erroneus for l5 minutes to several hours, to rectify.
There are three alternatives lor resol e the above mantion oroblem:

1) Autonomous integrity control in the navigation receiv'er, Then at least
6 satellites in good geometric configuration are tecuirbd for detection and eli-
mination of satelliie mulfunctions, and if it is used a GPSi GLONASS receiver,
configuration complexiiy is enhanced, while response time is redused.
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Table 1

The FAA navigation system accuralcy and integriry requiremenls,

Operational
phase

Accuracy (2 drrns)

j rut.rut Vertical

Integrity
Time to
alarrn

En route / terminal
Approach landine:
Non-precision
Precision I
Precision II
Precision III

152 m 7,4 km

5 Aeponocmuuecxr4 uBcJIeABaHua n Erlrapua, ll

3.2. Qualitg rr ?'

state vector of the position coor-
urement noise; H -- measurement

Or ,the position accuraci/ depends. on the measurement errors ar,rd satellite geo-metry' The measure of ihe s-ensitivity to error inherent in navigation soluifi

76,2 n 3,7 km
30,5 m 9,1 m
t5,2 m 4,6 mom 4,7m

500m 60s/30s

100m 10s
3m 6s1,4m I s0,5m ls
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Fig. 1. A zone DSNS

T able 2

Pseudo-range eryors with qnd without clifferential correctiorts

Source of error
Bias errois
wo/DGPS
(Meters)

I{an dorr-t
errors

w/DGPS
( lo, Meters)

Space segment and SA error- Eohemeris data 4,0
Satellite clook 1,5
Selectivo availabilif 30,0

Communication link errors
Ionosphere 4,O

Troposphere 0,5
Multipath 0'0

6 is the user - reference statisl Gparation (in
r is the age of correotion (in seconds)

is cletermined by the term geometrical clilution of precision - GDOP

fi"-o3"o.o;"1K:];:1ematicanclrandom,sumrnariZedirrTab1e2,I llc rlt4J vr 9r r ul

al:e due to:

- erlors associated with space segment, as ephemeris data, sateilite clock
and selective availability S/A;

- errors associated ti,itt-t ptopugation of the signais in ionosphere' tropo"
spltere and multipath.-' -h1uf-ti-" qudtity control should be realized b1' permanent estimation and
identification of the errors introdused by various sources,

6A

0,0 2x 10 6
0,7 0,0
0,0 l,22x1o r

0,0 2x 10 |
0,5 0,5
1,0 0,0

meters);

0,0
0,7
0,0

0,0
u.)
1,0



4. Per'formance of zo-rTe- differential .SNS with
integrity monitoring

The best estimate ol position accLu.icy is the aposterior
on

ance.
11ite geometry and.error covariance in
rity monitoring will be based on geo-

Goal or ihe simulated operations -,xffi''|?i#'rii'ii'Sitliite GpS 
"o,.rt.rru-tion was investigation of thi: influence of iser, ir't.riitu.-und control itutioi-,

controled zone. The results show, that:
n variation PDOp in the airport zoneil influence insignificantly ttie obiects

mode by pseudolite will increase pos-
ith PDOP<6, and if GLONASS'and

easirrg rvill be considerablv (Fis. 3).
ldilution of precision VDOP by-using

toring is perforned (Fi8-. 5) by con-
d deltapseudorange measurements in

riate "masl<" angle) ocal
ells. Besides, in the lock

are deiermined offsets beiween local r'eference time and sys-
tem time and the corrections concerning the differencie ancl
GLONASS' Tl.ren in the decision - muliing b1ock, the most suitable satelli-

1q0

10-r

1o'2

10:+

1 0-6

1 0-5

Tinre. li 20

Fig. 2. PDOP versus time
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Tirne, h

Fig. 3. Possible comhinations for
u'ithoui pseudolite

measurdrnents with PDOP{6 with and

SeIe

The compathbility of integrii,y",monttoring operations and
mode via NAVSAT pseudolite requires alarm message differeni

- don't Lrse", as that will be in WB GIC..Navigation data should
lowing:
d8l



EPHEMERIS DATA
(if availabte)

cPs/ GLoNAss
R EC EIVER
all in view

ERROR

ANALYSIS

LOCAL ION.
AND TROP.

COR ECTIONS

Fig. 5. Performa nce ol DCPS rvith irrtegrity monitorirrg

- the four GPS/GLONASS satellite number with
rections;

their pseudorange cor-

- orbital data versiorr fbr those satellites, i. e. issue of clata ephemeris(roDE);

- control station coordinates;

- time corrections to GpS and time, respectively;
- warning, if po h r s impossible;

. The. pomputation sin GPS/GLONASS re-
cerver, lI the naviga col

- clock offset b ancl GLONASS systern fins;
- correction data for world Geodetic system (wGS 84) and Soviet Geo-centric Co em (SGS g5) local iifference.It has ed that the GpS receivers already have capability todemoclulat rate submultiple of the c/A 

"oJ"'"poch lanii:ttraf i,i,lti
enable to aclvantages in the using NAVSAT pseudolite,

5. Conclusion

The accuracv a
imposed the idea Ior zonal integritv m
simultaneor-rs with differeniial mbde
The future solution of GpS/GLONAS

ations will be set an entirely new ba-
flight phases.
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Ilerlrona,lel{ KoHTpo,r Ha r{FITerprlTera rr

KAqCCTBOTO I{A CLITI]AJII,I'IC OT KOCMIIIICCI(I.ITC

HaBr4raqr4oHHr.t cr4creMlr GPS/GLONASS

Au;'ett Xpuctttos, Optu.u't lf,eenuos

(Pesrorre)

B crararrra ca aralrLrzt4pal.rr4 ocHoBHLITe MeroAI,I 3a pa3-
perrraBaHe Ha npo6JreMI4Te, cB:bp3allr4 c I,rFITefpilTeTa Lr ToqHocTTa Fra CII'bTHLII(OBLI-
re FraBllraurrouFrr.r cr4creMrr (CHC) - GPS - NAVSTAR ra GLONASS H e r.rsno-
)KCFIA CTP)/KTYPATA FIA CXCNIA 3A 3OHA.IICH MOI-II4TOP14I'II I-IA ]4HTCIPI4TE'T'A U I(AqCCT-

BQTO Ha HaBr,rfaqr.ioFrFrr4Te cr.rfHaJlLr B KoM6uHarlu-fi c pea,'il.r3LIpaHe Ha 4acfepen-
rlHa"leH pclr(Hr\4 rra pa6ora.

l4sxoN<4ar:rrlr or rrpelopr,Kr4re na Mex4ynapoAHara opraHl,I3aunff sa rpax(-
AaHcI(a aB^aL\vrfl (ICAO) H .Ulex45r11apoA1-rara MopqKa opraHLisaUi.{a (lMO),
frocraBflrqri rBbpAe Br.rcoI{z I43HCKBaFIlrfl IIo orFroueHr4e LrI]Terpl.{Tera I,I ToqHocr.HI4-
Te xapar{TepvcruKu r{a rro3r4U,r4orrr4par-re Ha caA{oJrerr4re B 3aB:bpurBanlul'e $asu lta
flo,'reTa r.i Fra r(opa6oBoAeI-teTo npu rraB,'rr,r3aHe B IrplrcTaHuI]Ia z BbB BOAH c orpa-
Frrlr{eHa cBo6oAa Ha MaHeBpr.rpaHe, To e )/AarrFro B 3oturre, cB:bp3aFrr4 c noAo6HI4
I4sr4cKBaFrr4E ra 6'rr,a'r H3fpaAeI'rH r{oHTpo.ltI]t4 crar-rur4r.{. Tatiuea crar.rtlnII (ncen-
AocareJrr.rrr4) uelperr,cHaro Iqe KorlTpo,rlrpar 14Frrefpr4Tera r.{ KaqecrBoro I-Ia IIa-
Br{faur,roHHr.rTe cr4fFIarH ?r xle I43n:b"4t-IrrBar Lrflr<orr or $yg6qvvTe Ha cIITrTIlHlll,ITe
INMARSAT-3, r<aro:

- 
I43,'I'bqBaUe Ha FIaBZfaUI4OHeH CI.{lHa,[;

- npeAaBaHe r-ra AaHHr.r 3a r4r-rrefpr,rrera Ira GPS H GLONASS,
OcseH roBa JroKaJrHr{Te crauutru qe ocr4rypflBar Ar'r$epeHulra.rml4 KopeKtlr4ll

3a rocr14faFIe Ha ToqHocrHIITe I4SLicI(BauI4Jl Ira nOTpe6flTev{I,ITe B O6Cry}KBaHara
3OHa.
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