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The Satellite Missile Tracking (SATRACK) System: 
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ABSTRACT
The Satellite Missile Tracking (SATRACK) concept was proposed in response to an urgent need 
to understand the projected performance of a future advanced strategic weapon system—
Trident II (D5). To achieve its technical objectives, the system would require technology that was 
envisioned but at the time was not available. When operational, the SATRACK system would pro-
vide a level of understanding of the Trident II (D5) system’s performance that had not been achiev-
able for previous systems. What was not foreseen at that time was the degree to which SATRACK 
would evolve and continue to significantly contribute to the Navy for over four decades. In their 
seminal Johns Hopkins APL Technical Digest article, Thompson, Levy, and Westerfield discuss the 
many technical challenges posed by the SATRACK concept, as well as some ways the capability 
extends to other systems and challenges. That article is discussed and reprinted in its entirety here.

error contributors from those of in-flight guidance and 
on further estimating the individual guidance error con-
tributors that would manifest during a missile test flight.

Understanding accuracy with high confidence 
required development of advanced instrumentation 
by which to support individual flight posttest analysis; 
understanding of the Poseidon (C3) system accuracy 
was limited by the technology available at that time, 
which led the Laboratory to propose the development 
and use of a satellite-based system-analysis approach 
that could provide for superior measurement accuracy 
as well as significantly improved geometry relative to 
existing terrestrial measurement systems (e.g., radar). 
Effective implementation of such an analytic approach 
would also require improved models for the guidance 
system as well as the instrumentation system (which 

SATRACK RETROSPECTIVE
In 1973, at the behest of the Navy Strategic Systems 

Programs (SSP), the Johns Hopkins University Applied 
Physics Laboratory (APL) initiated a 1-year study to 
develop a detailed system concept and development 
plan to guide evaluation of the Fleet Ballistic Missile’s 
accuracy.1 At that time, the Navy SSP was preparing to 
initiate a comprehensive Improved Accuracy Program, 
which sought to determine and quantify the sources of 
the Fleet Ballistic Missile system’s inaccuracy; propose 
specific system and subsystem concepts for inclusion in 
a future Trident II (D5) system; and develop the models, 
analysis methods, instrumentation, and test programs by 
which that system’s accuracy could be determined with 
high and quantified confidence.2 The initial and primary 
focus of the Satellite Missile Tracking (SATRACK) 
system was on separating the effects of initial-condition 
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would include the Global Positioning System, or GPS, 
and associated missile-borne equipment). Limitations in 
1970s computer technology further required significant 
research and development of efficient signal processing, 
data processing, and Kalman filter algorithms to support 
individual flight-test analysis. Adaptation of so-called 
modern estimation theory enabled not only estimat-
ing error sources but also quantifying the uncertainty 
(i.e., confidence) in the estimated error contributors. 
Invention of the GPS signal translator was necessary to 
overcome limitations in signal processing technology 
while conforming with stringent weight, power, and size 
restrictions for missile-borne equipment.

Following the initial development of SATRACK and 
the demonstration of that concept on selected Posei-
don (C3) and Trident I (C4) test flights, the Navy SSP 
initiated research and development of the envisioned 
Trident II (D5) strategic weapon system. Establishment 
of specific objectives for evaluating the system’s accu-
racy was a key aspect of the development. SSP sought 
to understand accuracy with high and quantified con-
fidence. Such an understanding would require the fol-
lowing capabilities: (i) to detect, isolate, and estimate 
contributors to inaccuracy on a per-test basis; (ii) to 
estimate systematic (bias) and random (covariance) 
characteristics of the Fleet population; and (iii) to pre-
dict performance, with high confidence, on untested 
trajectories and environments. In response to SSP’s 
objectives, the Laboratory proposed and SSP supported 
the significant research and development of new model 
estimation methodology that would use collections of 
flight-test data to directly estimate underlying system 
model parameters—systematic (bias) and random 
(covariance)—and further allowed for the quantifica-
tion of the estimation uncertainty to provide the Navy 
confident understanding of system performance. A rig-
orous systems engineering approach was implemented 
to devolve SSP’s accuracy evaluation objectives, which 
then determined the methodology and models to be 
developed, the number and types of tests required, 
and the type and quality of instrumentation necessary 
to realize those objectives.3 This accuracy evaluation 
system was designed into the system and the test pro-
grams that followed.

In their 1998 article, being reprinted in full following 
this brief introduction, Thompson, Levy, and Westerfield 
provide an overview of the development of SATRACK, 
which began in 1974. SATRACK was eventually vali-
dated and implemented on several Poseidon (C3) tests 
and Trident I (C4) tests. The authors also describe the 
development of the SATRACK II system that would 
support Trident II (D5)—again focusing on the devel-
opment of individual flight-test analysis. During the 
final development of SATRACK II, the initial vision for 
cumulative analysis was realized with the development 
of large-scale system model parameter-estimation algo-

rithms that would provide a more detailed understand-
ing of contributors to inaccuracy.4–8

The methodology whose initial development began 
with SATRACK in the 1970s continued during D5 
development in the 1980s. SATRACK provided reli-
able understanding of initial operational performance of 
Trident II (D5) and has continued to provide analysis 
of the operational system to this day. The approach has 
facilitated optimal use of flight-test and nondestructive 
test data; the capability to detect, isolate, and estimate 
any anomalous behavior; the ability to estimate and 
model system behavior from collections of tests; and the 
capability to predict system performance under tactical 
and other untested conditions. The approach has been 
extended to other Fleet Ballistic Missile subsystems 
(beyond guidance) and has supported the Air Force 
Peacekeeper,9,10 Air Force Minuteman, and certain 
advanced hypersonic systems tests.11,12
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