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expect to encounter at sea.  The combinations and permu-
tations of the aforementioned ever-growing requirements 
along with the anticipated environmental and operational 
conditions create a level of complexity and scope of work-
load with which human capital resources employing tradi-
tional incumbent test and evaluation practices cannot keep 
pace.

For the U.S. Navy to introduce new capabilities to the 
fleet more rapidly, as is necessary in a threat environment 
where technology evolutions occur in months versus de-
cades, a new methodology of testing is needed. These un-
dersea systems require improved approaches for integration 
and testing to support modifications, lifecycle extensions, 
and responses to emerging threats and changing environ-
ments. Engineers must be equipped with the ability to test 
and verify new and existing functionality more efficiently 

As undersea combat systems evolve to adopt the latest 
networking and processing technologies to handle ad-

vanced algorithms that are the core of enhanced warfight-
ing capabilities, their complexity presents new challenges 
to the undersea warfare test community. These systems are 
increasingly composed of networks of various interacting 
systems, integrated with one another into a larger “system of 
systems” with greater complexity than the individual com-
ponents.  As system complexity grows, so grows the number 
of requirements that must be verified to ensure the systems 
perform as required by the fleet. 

Additionally, before Navy program managers can send 
these new capabilities to the fleet, they must attain a thresh-
old level of confidence that the systems they are fielding can 
and will operate across the spectrum of environmental and 
operational conditions that fleet operators can reasonably 
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and more effectively.  One such means of achieving im-
proved testing efficiency and effectiveness is the use of au-
tomation in mission-based testing.

Mission-Based Testing
The widely known systems engineering “V” that defines 

the process of engineering new operational capabilities is 
composed of sequential steps, including: system definition 
and design, system and subsystem definition and design, 
software implementation, subsystem testing, and system in-
tegration. Each of those steps is composed of more sequen-
tial substeps that include defining operational requirements 
and decomposing them.

The left side of the “V” is where the predevelopment sys-
tem engineering is done, the bottom of the “V” is where the 
development occurs, and the right side of the “V” is where 
integration and testing are accomplished.  Mission-based 
testing uses the systems engineering “V” with a focus on 
ensuring the system’s mission requirements are verified in 
addition to the derived functional requirements.  

Innovative Defense Technologies (IDT) of Arlington, Vir-
ginia, has been a pioneer in applying automation to U.S. 
Department of Defense (DOD) mission-based testing, espe-
cially with U.S. Navy and Missile Defense Agency systems. 
IDT’s approach is to start with the operational or mission 
requirements, identify the critical system threads that sup-
port those mission requirements, and describe the system 
behaviors (i.e., message flows and sequences between com-
ponents) that construct those mission threads. Next, system, 
subsystem and software requirements are mapped to the 
system behaviors, and the requirements verification meth-
ods are then mapped to each of the requirements.  

These steps are completed using a System Modeling Lan-
guage (SysML) model, which provides a means to design 
test flows and analysis use cases, and to generate the soft-
ware required to execute, maintain and update those test 
flows and use cases.  The model-based approach provides 
the ability to construct operational or mission-level auto-
mated test flows and analysis cases from the component or 
functional levels’ automated “building blocks”.  This pro-
cess allows for significant reuse of those building blocks as 
more and more mission thread test flows and analysis use 

cases are constructed. Additionally, the SysML model pro-
vides a concise and accurate format for conducting verifica-
tion and validation of the underlying analysis methodology.

Benefits of Automated 
Mission-Based Testing

IDT utilizes Automated Test and ReTest (ATRT) technol-
ogy to apply automation to mission-based testing.  The ATRT 
test environment combines Model-Based Systems Engineer-
ing (MBSE) with test automation to enable continuous in-
tegration for the Navy’s most critical undersea platforms. 
As such, ATRT enables the undersea community to more 
quickly adapt to constantly changing conditions and better 
meet emerging threats. 

Applying automated mission threads to drive automated 
operational analysis provides constant measurement and 
tracking of requirements (key performance parameters, 
key system attributes, etc.) while satisfying developmental 
requirements. The depth of testing is increased by altering 
conditions like execution input parameters. Test coverage is 
increased by including a thorough mapping of requirements 
at all levels (software, system, interface, etc.). Test rigor is 
improved by repeatedly executing and evaluating the mis-
sion threads each time the system behavior for that mission 
thread is exercised.

The ATRT-enabled approach of linking automated test 
flows through the SysML model provides the ability to con-
duct highly effectual “end-to-end” automated testing and 
analysis.  This methodology yields a multitude of testing ef-
ficiencies and benefits.  
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(Top) The USS John Warner (SSN-785). 
(Bottom) A scene inside the USS Texas (SSN-
775).



First, the processing power behind automation enables 
significantly faster analysis of large quantities of data. Also, 
automation of test execution is faster in terms of labor 
hours. For example, a 24-hr. endurance test that previously 
required 10 testers to run, with automation would require 
only one tester. Additionally, automation of test execution is 
generally faster in terms of time and is always faster in terms 
of labor hours.

Because of the time savings described above, testers 
are able to conduct more permutations of tests in the same 
amount of time. With each permutation, testers are able to 
examine the system under different conditions with different 
inputs, yielding more coverage of the operational envelope 
in which the system will be deployed. 

With the increased coverage afforded by additional per-
mutations, program managers and certification agents gain 
higher confidence in determining the system’s readiness 
for deployment. This has the added benefit of reducing the 
number of unknown operational shortcomings that might 
be discovered post-deployment, where the cost to repair is 
greatest. 

Another benefit of this approach is the enhanced ability 
to conduct performance trade-offs. The expanded depth and 
breadth of test data analysis made possible by automation 
provides decision makers with the information required to 
assess system performance following changes, updates or 
fixes. 

These examples of efficiencies and benefits have been 
realized using ATRT in more than 75 programs of varying 
complexity and technical modernity over the last several 
years. On average, improvements—in terms of reduced test 
time, test personnel and/or test coverage—have exceeded 
75 percent. Often, the improvements are much greater.

 In Navy programs where automated, mission-based test-
ing is being used via ATRT, customers have been able to 
increase testing efficiency for the critical systems to which it 
was applied, resulting in a significant reduction in the time 
and manpower required to verify the associated require-
ments and system performance. These customers have also 
experienced improved collaboration among test teams, as 
the application of ATRT facilitated the more efficient shar-
ing of analysis cases. Lastly, these programs have been able 

to increase requirements coverage and expand data evalua-
tion, leading to improved software quality and reduced risk. 

Conclusion
Since 2006, IDT has been engaged with the U.S. Navy 

submarine community applying test execution automation 
to various undersea warfare programs and supporting inte-
gration, regression and installation testing for those systems. 

U.S. Navy submarine acquisition managers have set the 
standard for Navy programs in collapsing the time from the 
identification of fleet requirements to the fielding of associ-
ated fleet capabilities.  

A challenge with this enviable speed of delivery is the 
reduced time available for testing. In this compressed time-
frame, testing the new capabilities across the variety of con-
ditions in which the systems will operate becomes more 
difficult.  Also, confirming that system requirements, if met, 
also satisfy the mission operational requirements remains 
a challenge. Mission-based testing as described above can 
provide a way to expand that test coverage, including as-
sessing more conditions and requirements for more mission 
threads within the accelerated drumbeat of new capability 
deliveries. Ultimately, mission-based automated testing en-
ables new ideas and requirements to be translated and de-
livered to the fleet—in the form of new capabilities—faster 
and with higher confidence. ST
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