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fRom the ioN histoRiaN, maRviN may 

gloNass iN PeRsPeCtive
This is the first in a series of two articles on the history of GLONASS

During the summer of 2012, Garmin 
International, a manufacturer of GPS 

receivers, introduced the Garmin GLO for 
pilots. The new receiver combines GPS and 
GLONASS signals with Bluetooth technology 
and connects to — and displays position 
information on — mobile devices such as 
iPad, iPhone, and Android devices.  

This capability allows tracking of up to 
24 more satellites than receivers that rely 
on GPS alone, yielding improved perfor-
mance, especially under vegetation and in 
urban canyons.  

Very useful! So why did this rapproche-
ment occur four decades after these two 
systems emerged?

Clearly, complex geopolitical events 
complicated the technical challenges that 
lie behind this long awaited marriage. To 
understand these events, this article reviews 
the history of the Soviet Union/Russian 
satellite navigation system.

1957-1964: Sputnik, TRANSIT, and the 
Khrushchev Era 
On October 4, 1957, the Soviet Union sent 
into orbit Sputnik 1, the first artificial satel-
lite in history. A month later, an even larger 
and heavier satellite, Sputnik 2, carried the 
dog Laika into orbit. 

Sputnik’s launch came as an 
unnerving surprise to the United 
States. The space age had dawned 
and America’s Cold War rival 
suddenly appeared technologi-
cally superior. During this period 
of relative economic prosperity 
under Premier Nikita Khrushchev, 
the Soviets emphasized scientific 
research and solidified their posi-
tion as one of the two supreme 
world powers. 

Although the USSR was first 
in space, they were decidedly 
not the first in space navigation. 
Sputnik stimulated a virulent 
American response that included 
the U.S. Navy's TRANSIT, a naviga-
tion satellite system developed 
between 1960 and 1964 for 
Polaris ballistic missile-equipped 
submarines. TRANSIT was a silent 
American space victory until it 
was approved for commercialization in 
1967 and came into the public eye. 

1964-1982: The Brezhnev Era, Tsiklon, 
and the Arms Race
The full-fledged development of the Soviet 
Union’s navigation satellite capability 

began in the mid 1960s. The 
draft project was approved 
in 1962, but development 
was prolonged due to very 
poor accuracy associated 
with software problems and 
the lack of accurate geodetic 
data. 

The first Soviet navigation 
satellite Cosmos-192/Tsiklon 
1 was launched on Novem-
ber 23, 1967 from Plesetsk 
Cosmodrome. 

The system was finally accepted for 
service as an interim measure in 1972 
pending deployment of an improved ver-
sion, Tsiklon-B/Parus.

The Soviet system essentially duplicated 
TRANSIT, more or less. It consisted of 
six satellites that orbited the earth at an 
altitude of 1,000 kilometers (620 miles). 
The system enabled a ship or submarine 
to obtain a horizontal position fix at 1.5-2 
hour intervals with an accuracy of about 
0.1 nautical mile. 

During this era, Premier Leonid 
Brezhnev led the Soviet Union in a massive 
military buildup, expanding both nuclear 
and conventional arsenals. The Soviet 
leadership believed that a strong military 
would be useful leverage in negotiating 
with foreign powers and would increase 
the nation’s security from attacks. The  
Soviet Union achieved nuclear parity with 

A Romanian stamp honoring Laika, the Russian dog who flew in 
Sputnik 2 and became the first creature to orbit —and die— in 
space (Wikipedia)

A first generation GLONASS satellite
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A first generation GPS satellite (The Boeing Company photo)
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the United States by the early 1970s and 
Russia was confirmed as a “superpower.” 

The apparent success of its military 
build-up led the Soviet leadership to believe 
that the military, and the military alone, 
would bring the Soviet Union security and 
influence. Meanwhile the juggernaut Ameri-
can economy with its technological prowess 
continued to put pressure on the Soviets to 
maintain parity. 

In 1967, the United States gained a Cold 
War propaganda victory, and a foundation 
for economic advantage, when U.S. Vice 
President Hubert Humphrey announced that 
the TRANSIT system would be available to 
civilian ships. 

The dramatic American moon landing 
success in July 1969 not only signified a “gi-
ant leap for mankind" but also the moment 
when the West pulled inexorably ahead in 
the arms race. 

The era also marked the high point of 
the Soviet Union’s ability to marshal enough 
resources to compete with the West. In the 
later years of Brezhnev's reign, it became 
official defense policy to invest only enough 
to maintain military deterrence. 

1976-1982: GLONASS Takes Off
 The Tsiklon system's limitations became 
unacceptable by the early 1970s and the 
Soviet military conceived a new three-
dimensional, continuous worldwide satellite 
navigation system.

Active develop-
ment of GLONASS, the 
acronym for Global-
naya Navigatsionnaya 
Sputnikovaya Sistema 
or Global Navigation 
Satellite System, began 
in 1976. 

The planned system 
was to consist of 24 
satellites operating at 
an altitude of 20,000 
kilometers in medium 
circular orbit. They 
would be launched 
three at a time on the 
heavy-lift Proton rocket.

As with the Ameri-
can Global Positioning 

System, signals from four satellites would 
fix the receiving station's position to an ac-
curacy of 20 meters.

On October 12, 1982, three satellites, 
designated Kosmos-1413, Kosmos-1414, 
and Kosmos-1415 were launched aboard a 
Proton rocket. 

But that wasn't quite true. In fact, only 
one GLONASS satellite was ready in time for 
the launch instead of the expected three. 
The Soviet government decided to send it up 
along with two dummy satellites. 

The American media reported the event 
as a launch of one satellite and "two secret 
objects." For a long time, the Americans 
could not find out the nature of those "ob-
jects." The difficulty with these first GLONASS 

satellites foreshadowed a long period of low 
reliability and performance. 

GLONASS: FDMA vs. CDMA
Although GLONASS was eight years behind 
GPS, it was similar in many ways.

 Probably the most significant difference, 
technically and economically, lay in the 
modulation techniques used to discrimi-
nate among satellite signals being received 
simultaneously. 

GLONASS satellites transmit two types of 
signal: a standard precision (SP) signal and 
an obfuscated high-precision (HP) signal.

The signals use similar direct sequence 
spread spectrum (DSSS) encoding and bi-
nary phase shift keying (BPSK) modulation, 
just like GPS signals. 

However, GPS uses code division multiple 
access (CDMA) in which each satellite has a 
unique code. 

GLONASS satellites transmit the same 
code on their SP signal; however each 
transmits on a different frequency using a 
15-channel frequency division multiple ac-
cess (FDMA) technique spanning a swath of 
the L1 band. 

The center frequency is 1602 MHz + n × 
0.5625 MHz, where n is a satellite's frequency 
channel number (n=−7,−6,−5,...0,...,6, pre-
viously n=0,...,13). Signals are transmitted in 
a 38-degree cone, using right-hand circular 
polarization with an equivalent isotropically 
radiated power (EIRP) between 25 to 27 dBw 
(316 to 500 watts). 

The 24-satellite constellation gets by 
with only 15 channels by using identical 

frequency channels to support antipodal 
(opposite side of planet in orbit) satel-
lite pairs, because these paired satellites 
will never be in view of an earth-based 
user at the same time. 

The HP signal (L2) is broadcast in 
phase quadrature with the SP signal, 
effectively sharing the same carrier wave 
but with a 10-times-higher bandwidth.

The L2 signals use the same FDMA 
as the L1 band signals. They transmit 
straddling 1246 MHz with the center 
frequency determined by the equation 
1246 MHz + n×0.4375 MHz, where n 
spans the same range as for L1. Other 

Leonid Brezhnev speaks in 1968 before a Young Communist League 
Central Committee session honoring the 50th anniversary of Lenin's 
founding of the organization. (Image from Ria Novosti/Wikimedia 
cooperation project)
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Meanwhile, Arianespace success-
fully launched India's GSAT-10 satellite on 
September 28 on board an Ariane 5 rocket 
from Europe's Spaceport in Kourou, French 
Guiana.

The GSAT-10 carries India’s second GA-
GAN (GPS Aided GEO Augmented Navigation) 

details of the HP signal have not been 
disclosed.

GLONASS historians haven't given a 
definitive reason why the USSR defense 
ministry chose FDMA over CDMA. 

FDMA requires a larger number and 
more complex RF front end than a CDMA 
receiver and the cost of a modern digital 
GPS receiver is significantly driven by the 
number and complexity of these compo-
nents. 

Both GPS and GLONASS were originally 
developed and funded exclusively by their 
respective nations’ militaries. Early GPS 
designers foresaw an evolution to lower 
cost, higher quantity, commercial applica-
tions. Under Soviet centralized planning, it 
is apparent that the early GLONASS design-
ers were not similarly motivated by profit 
or potential. 

Over the course of the Brezhnev era, 
over-centralization, stagnant leadership, and 
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2009 Glonass/GPS/SBAS receiver module (wikimedia commons)

pounds or so.  Note the turtle fins, which 
make all this maneuverability and speed 
possible. And, last but not least, a camera 
where the more traditional wrinkled head 
ought to be.  (Furthermore, the 17 dual-
core processor offers a bit more oomph 
than a real turtle's brain, too.)

Water tests were postponed from this 
summer. This fall, the team intends to test 
it to see if human-made propeller technol-
ogy is more efficient — or if mimicking 
naturally evolved systems, such as the sea 
turtle’s, is the way to go.

The project has attracted lots of attention 
and has inspired many comments in the 
blogosphere, including this one: "So what 
happens when drug lords find these in the 
sea. Steal them, and reprogram them to be 
drug running robots?"

Something that had, actually, never oc-
curred to us. . . .

Working model of the ETH sea turtle underwater autonomous vehicle. (ETH/NARO)

payload, following a successful launch of 
the nation’s first space-based augmentation 
for GPS last year.

Equipped with 30 Ku- and C-band tran-
sponders and the GAGAN payload, GSAT-
10 is to join the Indian National Satellite 
(INSAT) system of geostationary spacecraft. 

Operating in the GPS L1 and L5 bands, the 
GSAT-10 is predicted to have a minimum 
operational life of 15 years.

With an orbital position of 83˚ East, 
GAGAN will be used primarily to provide 
increased accuracy and reliability for civil 
aviation navigation. u

a conservative state bureaucracy trig-
gered a financial and economic crisis 
in the Soviet Union that contributed to 
the political decline of the nation.

Satellite navigation development is 
just one example of the pressure put 
on the Russian state to maintain parity 
with successful Western systems such 
as GPS. Without capitalistic incentives 
or a culture of civil innovations, this 
unsustainable pressure contributed to 
the Soviet decline and prolonged the 
commercial introduction of GLONASS 
into the GNSS community. u

Marvin B. May is Chief Naviga-
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The robotics projects at ETH: <http://
www.naro.ethz.ch/p2/robots.html>. u


