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Early GPS Simulation
It All Began on Yuma's Desert Floor 

GNSS signal simulators are everywhere 
today, and their manufacturers 

represent a large — and, with expanding 
numbers of satellite-based systems coming 
into existence, an increasingly important 
— part of today's GNSS community.

Growing numbers of manufacturers 
have entered this market segment, provid-
ing navigation product designers and 
system integrators a wide selection of tools 

for design, analysis, test, and evaluation of 
GNSS-related equipment. 

But it wasn’t always so. Before the 
launch of the Global Positioning System in 
the 1970s, no need existed for such sophis-
ticated satnav analysis and design tools. 
     Using GNSS signal simulators, engineers 
gain full control over such key variables 
as satellite availability, signal power levels, 
Doppler shifts, ephemeris errors, multi-

path fading, ionospheric effects, electro-
magnetic interference, and many other 
phenomena found in real-world  
GNSS signals. 

By simulating the navigation satel-
lite signals, one can introduce into a 
laboratory setting any of these and other 
phenomena, individually or in scenario-
specific combinations, for focused 
research and development of receiver 
hardware and software design issues. 
The following applications for simulators 
have been particularly important:
 •  side-by-side competitive evaluations
 •   testing under jamming or spoofing 

conditions

 •   receiver characterization and trouble-
shooting with precise repeatability 

 •   simulation of marginal signal conditions 
and outages

 •   evaluation of receiver responses to con-
trol and space segment anomalies

But these powerful GPS constellatio 
simulation tools were not available to the 
early GPS designers and testers. 

Inverted Range Testing at Yuma
Testing of Phase I GPS user equipment 
began in March 1977 before any satellites 
were in place. A network of solar-powered 
ground transmitters was set up on the 
desert floor at the Army’s Yuma Proving 
Ground (YPG) in Arizona to simulate GPS 
satellites. 

These transmitters, known as pseu-
dolites (a shortened version of the term 
pseudosatellites), broadcasted a signal with 
a structure similar to that of a GPS satellite. 
Although the signals were coming from 
the ground rather than from space, they 
provided a geometry that approximated that 
of the satellites.

SEVS (Simulation and Evaluation System), 1980. Collins 
Avionics & Communications Division of Rockwell 
International built one of the first satellite simulators 
to test early GPS user equipment when there were 
only four satellites in the sky.
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 The Yuma testing, often referred to as 
inverted range testing, was also employed 
in the GPS Phase II Full-Scale Engineering 
Development Phase to make up for inad-
equate on-orbit satellite signals that would 
have hindered special tests associated with 
Selective Availability/anti-spoofing (SA/AS), 
and for real time differential tests. Indeed, 
the orbits of the first six NAVSTAR GPS satel-
lites were primarily configured to enable 
two to four hours each day of acceptable 
geometry at the YPG location.

GPS II Growing Pains
The fledging GPS Phase II effort, originally 
planned for the 1979-1983 timeframe, 
suffered growing pains. An almost lethal 
combination of budget cuts, service support 
difficulties, and the 1986 Space Shuttle 
Challenger disaster delayed the program. 
This hindered demonstrations of GPS capa-
bilities that required a robust constellation 
of satellites.

This lack of a populated live constella-
tion in the 1980s probably help stimulate 
the development and use of satellite simula-
tors.  As part of their Phase II activities but 
not as part of their contract deliverables, 
both Rockwell Collins and Magnavox devel-
oped simulators for their in-house receiver 
development and testing. 

Be a part of the 
Third Annual 

ION Autonomous  
Snowplow  

Competition
How much snow can you move  

using state of the art navigation 
and control technologies?

Challenge your team to design, 
build and operate a fully  

autonomous snowplow, which  
will remove snow from a designated 
path rapidly, accurately, and safely.

January 24 – 27, 2013
St. Paul, MN

Application Deadline:  
September 14, 2012

Open to both academic institutions 
and the general public.

To learn more visit:

www.autosnowplow.com

Stanford Telecommunications was the 
first company to offer a satellite signal gen-
erator (SSG) for sale. Iconic figures  in the 
early history of GPS, such as GPS pioneers 
and ION fellows A.J. Van Dierendonck and 
James Spilker were instrumental in its 
development. 

The Naval Air Development Center (NA-
VAIRDEVCEN) procured the Stel SSG Model 
7012, Serial Number 1, in 1987-1988. At 
that time, NAVAIRDEVCEN hosted the lead 
activity in the Defense Department's GPS 
Central Engineering Activity. 

The SSG 7012 generated a real-time GPS 
satellite signal environment on L1 and L2 
that could be modulated by the P, C/A, and 
W codes along with data message modula-
tion. The SSG generated six satellites and 
could be “daisy-chained” with another SSG. 
At that time, military GPS receivers could 
simultaneously track up to five satellites.

Control of the SSG at NAVAIRDEVCEN, 
which included user equipment trajectory 
generation and satellite message genera-
tion, was done with a Digital Equipment 
Corporation VAX 1100 computer through 
an IEEE 488 bus. Most of the early military 
receivers, and many commercial receivers, 
were tested using the SSG Serial No. 1. 

The SSG’s source code was made avail-
able to NAVAIRDEVCEN engineers in the 
early 1990s, leading to such innovations as 
the first simulation of differential integer 
carrier phase generation/tracking and co-
ordinated GPS/inertial testing of embedded 
GPS inertial systems.

In the 1995 round of base relocations 
and closures, the SSG and the entire GPS 
Central Engineering Activity in Warminster, 
transitioned to the NRaD laboratory facility 
in San Diego, California in preparation for 
the final closing of NAVAIRDEVCEN in 1996.
By 2005, the SSG was superseded by more 
capable satellite simulators and honorably 
retired to the Johnsville Aviation Museum.
Today, the universe of GNSS signal simula-
tors have expanded beyond GPS to provide 
capabilities that mimic the operations of 
Russia’s GLONASS, China’s Compass/Bei-
Dou, and Europe’s Galileo systems. CAST, 
Spirent, Rohde-Schwartz, National Instru-
ments, Averna, Spectracom, Racelogic’s 
LabSat, IFEN, and others have joined the 
field of GNSS simulator suppliers. u

The Stel Signal Generator (SSG), made by 
Stanford Telecommunications, enabled the 
Naval Air Development Center (NADC) to 
test any time while exactly simulating the 
live sky satellite constellation. It was also a 
useful tool in being able to re-run a test by 
recreating the exact same test conditions as 
the previous test. The SSG was used from 
1989-2000.

Marvin B. May is Chief Navigation Tech-
nologist at Pennsylvania State Univer-
sity’s Navigation Research and Develop-
ment Center in Warminster, Pa. His email 
is <mbm16@arl.psu.edu>. Portions of 
this article were taken from GPS World 
magazine’s October 1994 Innovation 
column entitled “GPS Simulation”, edited 
by Dr. Richard Langley and written by 
Marvin May.


