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l n thisissue of Satellite Timeswe will look
at an alternative sateflite nav:gauon
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fense version of GPS—GLONASS.
GLONASS isan acronym de-
rived from Global Navigation
Satellite System. Like GPS, it
provides users the ability to
determine three dimensional
position, velocity, and accu-
rate time referencmg

Also similar to GPS, the
GLONASS system is com-
prised of 24 satellites and a
o'rm)nd_ monu@nna network
whnch providies telemet.ry to
the satellites for status and
control purposes Each satel-
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(11,937 mile) orbit with an

inclinatdon of 64.8 degrees.
The orbital period is shghﬂy
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shorter than GPS, at 11.25 | cospos 2977 (2276) 940218 (23044) -
hours. Theantennasoneach COSMOS 2287 94-050A (23203)

“ COSMOS 2288 (2288) 94-0508 (23204

beamwidth in excess of 30 | cosw
degrees. This means the navi-
gation service is also avail-
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able to users at altitudes of | cOSMOS 2308
9000 Lilamateare (1 9RN COSMOS 2308
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miles), ideal for navigating GosMas 216

to space stations and other
space vehicles.
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unrestricted use of the

GLONASS system even
though it consisted of less
than 10 satellites. The
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ices nnt as GPS svs-
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tem does. Thcse are known
as the standard position ser-
vice (SPS) aﬁocated for civil-

ian use, and the mgu pr €Ci-
sion service (HP) available

exclusively to military users.
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associated in Russia; when ditferent, the USSPACECOM Cosmos numbers are shown In

parentheses. The corresponding
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In the GLONASS system, a receiver de-
termines its position by processing the in-
bound signal from each sateilite and quan-
tifying the time of arrival (TOA) justas GPS
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GLONASS numbers are Russlan numbers.

93-01!)3(22513} N
© 94021 (23045)
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94-076A (23396)
- 940768 (23397)
95-009A (23511)
95-009B (23512)
95-0000 (23513)
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does. The difference is that while GPS
the came freansan~v unth 2 Aiffarant noar
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dorandom code used for each satellite,
GLONASS uses the same code for each
satellite, but a different frequency (in most
cases). Some GLONASS system satellites
actuallyshare the same frequency, but their

slgnak are sent onlvwhen in the a_nnrnnn-
aie orbital position. The prmc1ple of using
the same code with different frequencies is
known as trequcncy division multxple ac-
cess (FDMA; The codes used are pseudo-
random noise (PRN\ in nature. hut with

different chip rates to those in GPS. Table

1 shows these values .
As can be seen, the course acquisition
(C/A) code has the same 1 millisecond
erp time asGPS. The GI. ONASS

satelhtes carry three on-board ce-
sium clocks, providing a timing
standard similar to that offered
by GPS. The clocks, also subject

to offset and bias from svstem
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time, induce errors in the rang-
ing measurements as GPSwould.
The frequencies used in the
GLONASS system depend on the

individnal satellite in onestion
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since they typicallyhave theirown
L-band frequency. The L1 fre-
quency is calculated according

oo

to the Iouowmg formuia.

fMHz =1602+ (nx 0.5625 MHz)
(Where n is the channel or satel-
lite number)

Tha 19 Fanuency for each
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satellite is calculated using asimi-
lar formulae :

- = o ~ Ah Pt

MHz =1246+ (nx0.4375 MHz)
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As an example, channel 3 in
the GLONASS system is
1603.6875 MHz for L1 and
1247.3125 MHz for the L2 fre-
quency.

To say each satellite has its
own frequency is not exactly cor-
rect. The same frequencies can
be reused by satellites placed in
an antipodal orbital slot (ie.,
nrnv!ded they are on opposite
sxde of the carth) thus not caus-
inginterference whichwould de-
grade the accuracy.

The civilian service spe
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velocitvaccu racy of f0.15

0.I5 meters persecond
(m/s) (6 mches per second). It appears
that so far that the Russians have not intro-
duced selective availability; measurements
performed reveai an accuracy in the order
of 26 meters {9R 4 mrrk\ with velocity me

bk ALY inca-
surements down to 0.04 m/s. (1.6 inches
per second). The performance of
GLONASS exceeds GPS in one aspect—it
provides a better visibility to satellites in
Nort

harm latinide than BN A,
Northern latitudes gr eater than sy acgrees.

Differential GLONASS

Cun'entiy, nodifferentiai GLONASS ser-
vice mch on the emln that PDQ ncarg ran
wa UITES Lall

enjoy. Discussions are underway regarding
avariety of solutions to this, including equip-
ping the Russian military space force’s com-
mand and control sites with differential

mant Qnesa tha ha ale

L\lul!}lll\,lll Sifce these sites nave culCd.u)’
been precisely surveyed, most of the ground
work has been completed. A second pro-
posal utilizes the existing maritime radio
beacons to transmit the differential correc-
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Glonass 58 (774)

Glonass 60 (757) !

1 218550 92005C 96278.10889737 00000015 00000-0 00000+0 0 3359
221855 65.1853 8).7411 0007655 192.1487. 157 8498 2131(?2005 36373
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Glonass 57 (756)
122057U 920478 96275.83396556 - 00000049 00000-0 00000+0 0 2325
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U.S. Coast Guard —emmeaggm—m NASS

DGPS system. Addi-
tionally, the Russians
are planning to appiy
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GLONASS tech-
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niques at airports fo

use inall categories of
landing and ap-
proach. This system is

rable to the
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Federal Aviation
Administration’s
plans for using local
area differentiai GPS
/Y AMMYVDQ) systems.
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GLONASS and

., e
GPS together would :

provide a formidable

satellite navigation system with one system
antgrnAant tha nthnr 0pQ nrn“nmnnt
dusnlcuuus e ou . UIO Lyuapiili
manufacturers are now marketing dual sys-
tem receivers, taking advantage of
GLONASS and Glasnost. One problem that
had to be overcome in designing the duai
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- 24 satolites GLONASS

96276 \
223511 64.6238 320.4361 oooezszzgt

that dos peecize, thise-d
potiion velacss and bms for nations!

- 3 orbital planes positien,
- Orbital skitude.....19100 km

aary and civit users and intemational

Civil Uters community was formally put into
64.8 deg .wmhsmnnmb&-u-ﬁ
of the President of Russian Federation.

Svitem Pedormances

- Accwracy (33.7 X probabiity)

altihude. 0w
velocity 15 sm/s
tms ve UTQIOIS)..oeececeee 1 mke
- Time roquired ts make

afirst dotaction...............oonrereennen 1-3 min
and then. ... with 1-1C seconds interval

& g on navs

N global
- Numbes of weors...... _.unfmited
wdm.u—

o on

’. —m-ﬂ-dh‘.m-
" GLONASS e lsunched by “Proten™ Launch
vehacle and boostes "D

sian system uses its own coordinate and
system-asystem notwidely
Russia. However, by applying
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on-board ﬁnnwar that converts between
the two standards, the problem was solved

and dual system integrity is now available.
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122513U 930108 96276.16413745 00000016 00000-0 00000+0 0 9768
222513 £5.1945 206006 0007648 183 2408 176.8818 2.13102623 28165

Glonass 61 (759)
1225144 93010C 96276.45815286 .00000018 00000-0 00000+0 0 9714
222514 65.2136 80.5993 0011263 181.2192 178.7955 2.13101879 28172
Glonass 62 (760)
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Glonass 63 (761)
1 Wlmmm M”5117m ANNNNNAG QNNNN-N mnmmn ’l77£

S SSUULUTUS Y UUUUUTU DUV
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