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Modern space transportation and ground support system designs are becoming
increasingly sophisticated and complex. Determining the health state of these systems
using traditional parameter limit checking, model-based, or rule-based methods is
becoming more difficult as the number of sensors and component interactions grows.
Data-driven monitoring techniques have been developed to address these issues by
analyzing system operations data to automatically characterize normal system behavior.
System health can be monitored by comparing real-time operating data with these
nominal characterizations, providing detection of anomalous data signatures indicative of
system faults or failures.

Data-driven techniques are complementary to, but also have a number of advantages
over, other methods for monitoring complex space vehicles and launch systems. Unlike
model-based systems, the developer does not need to understand or encode the internal
operation of the system. The knowledge required to monitor the system is automatically
derived from archived data from system operation. Unlike rule-based systems, data-
driven systems do not require system analysts to manually define nominal relationships
among sensors. Data-driven techniques are not limited to low-dimensional spaces and
work as effectively with dozens of parameters as they do with a few. Knowledge bases
formed by data-driven techniques are also easy to update. As the operating envelope of
the monitored system is expanded, data-driven techniques can be quickly retrained to
incorporate the new behavior into the knowledge base. The expertise and the time-
consuming process of updating a model or rule base to maintain consistency with the new
operation are not required.

The Inductive Monitoring System (IMS) is a general purpose, data-driven system health
monitoring software tool that has been successfully applied to several aerospace
applications. IMS uses a data mining technique called clustering to analyze archived
system data and characterize normal interactions between parameters. This
characterization, or model, of nominal operation is stored in a knowledge base that can be
used for real-time system monitoring or analysis of archived events. System data is
compared with the nominal IMS model to produce a measure of how well current system
behavior matches the normal behavior defined by the training data. Significant
deviations from the nominal system model can provide alerts to system malfunctions or
precursors of significant failures.

IMS has been successfully deployed in the International Space Station (ISS) flight control
room to monitor ISS attitude and thermal control systems. IMS was also deployed in
conjunction with model-based and rule-based technologies as part of a prototype for
ground systems monitoring of NASA’s Ares I-X launch vehicle. It is also under
evaluation for anomaly detection in vehicle and ground equipment for next generation



launch systems. For this effort, IMS-based tools are being developed to integrate with
future NASA launch control systems. Anticipating that similar systems will by used for
future liquid-fueled launch vehicles, the initial anomaly detection application prototype is
being demonstrated on liquid hydrogen (LH2) ground support equipment (GSE) used to
fuel the Space Shuttle. After an introduction to IMS application development, we will
discuss these NASA online monitoring applications, including the integration of IMS
with complementary model-based and rule-based methods.



