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Watchdog Agent Prognostics Toolkit

Prognostics and predictive algorithms toolkit

Adds neural networks, Gaussian mixture modeling, and statistical pattern recognition
to NI LabVIEW

Self-organizing maps and health radar charts to help you streamline data presentation

Ideal for condition monitoring applications

 

Overview
The Watchdog Agent Prognostics Toolkit was developed over the past 10 years through National Science Foundation-granted research by the Center for Intelligent Maintenance
Systems (IMS) at the University of Cincinnati. Using a patented analysis technique and industry-standard algorithms, the toolkit adds ready-to-use prognostics health management
algorithms and graphic displays to your NI LabVIEW applications. The toolkit algorithms include neural networks, logistics regression, Gaussian mixture modeling, statistical
pattern recognition, autoregressive moving average, and match matrices. With these algorithms, you can perform feature extraction and principal component analysis as well as
pattern matching to detect and predict faults in everything from critical machinery to human organs. By combining the powerful built-in analysis techniques with intuitive graphics
such as self-organizing maps, health radar charts, and hierarchical tree clusters, the toolkit helps you build user interfaces that easily convey information about its predictions and
analysis of the asset under test to your users.

 Application and Technology
Watchdog Agent Approach to Prognostics

Researchers at the IMS Center have refined their approach to prognostics over the past 10 years to offer an industry-tested method of classifying and predicting asset failure.
Their technique involves five basic steps: data acquisition, feature calculation, principal component analysis, fault classification and health monitoring, and health prediction.

The first step is to define your operating regimes for the asset. At its simplest, the asset could be healthy or faulty. You can create this definition through modeling or actual data
collection that is used for model training. Then you calculate several training data features to classify the asset using analysis tools in NI LabVIEW software, the LabVIEW
Advanced Signal Processing Toolkit, and the NI Sound and Vibration Measurement Suite. After that, perform principal component analysis to determine which features are the
most different between the various operating regimes or, rather, which analysis calculations are the best indicators for determining whether the asset is healthy or faulty.

You can now record and compare online data to the various operating regimes that you defined using the principal features to classify the current machine state into the regimes.
Based on how close the asset is to operating within a particular regime and on its operating trends over time, you can predict the future operation and health of the asset.

By taking advantage of the industry-leading NI analysis functions and data acquisition platform, the Watchdog Agent Prognostics Toolkit builds on the success of virtual
instrumentation to deliver a powerful and flexible prognostics tool.

Watchdog Agent Signal Processing Techniques

The Watchdog Agent Prognostics Toolkit adds the following industry-standard analysis algorithms and techniques to LabVIEW for condition monitoring applications.

Self-Organizing Maps

A self-organizing map helps you visualize the various operating regimes of the asset and their similarities. Each cell represents the similarity of a data or training file and the one
next to it. A blue color in the Figure 1 example indicates that the files are very similar while a yellow or red cell indicates a large difference. The map organizes itself, grouping
similar files together. The label and hit plot compares the test data you are acquiring to the training data and marks a "hit" in the most similar cells.

For user manuals and dimensional drawings, visit the product page resources tab on ni.com.

http://www.ni.com
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Figure 1. Self-Organizing Map

Health Radar Charts

A health radar chart helps you display the confidence values of an asset's components. A confidence value is generally a number between 0 and 1 that indicates the component's
health, with 1 being completely healthy and 0 being failed. Figure 2 shows that the gearbox is the least-healthy component of the machine and is the area where you should focus
your maintenance or further investigation.

Figure 2. Health Radar Chart

Neural Networks

Artificial neural networks are a powerful tool to help you perform tasks such as pattern recognition using machine learning. Rather than basing applications on the traditional
algorithmic approach to solving a problem through a state machine, the system chooses a set of steps to reach the solution based on previous experience and learning. In a
neural network, instead of trying to simulate a thought process, applications simulate the architecture of the human brain, a model that runs on a network of neurons that interact
with each other to produce optimum results. The Watchdog Agent Prognostics Toolkit uses them to not only produce self-organizing maps but also classify regimes and make
long-term predictions with a large amount of training data.

Gaussian Mixture Modeling

Gaussian mixture modeling is another technique you can use to group similar data into multiple regimes based on their calculated features. Once you have grouped the data, you
can then use the model to classify new data into the various regimes.

Statistical Pattern Recognition

Statistical pattern recognition is a health assessment tool that uses the data from the healthy component or system for training. It compares the recent feature distribution with the
feature distribution from the healthy component or system and calculates the overlap of the two distributions. The amount of overlap is the calculated Confidence Value (CV); the
CV value can be considered a health indicator since a degraded component would have much larger deviation from normal than a component that is healthy and has minimal
degradation.

Requirements and Compatibility
OS Requirements

Windows 7
Windows Vista
Windows XP

Software Requirements

NI LabVIEW 2011
NI LabVIEW 2011 Advanced Signal Processing Toolkit
NI LabVIEW 2011 MathScript RT Module
NI Sound and Vibration Measurement Suite 2011
Reference Library for Converting Between LabVIEW and XML Data (GXML)

http://zone.ni.com/devzone/cda/epd/p/id/6330
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 Support and Services
System Assurance Programs

NI system assurance programs are designed to make it even easier for you to own an NI system. These programs include configuration and deployment services for your NI PXI,
CompactRIO, or Compact FieldPoint system. The NI Basic System Assurance Program provides a simple integration test and ensures that your system is delivered completely
assembled in one box. When you configure your system with the NI Standard System Assurance Program, you can select from available NI system driver sets and application
development environments to create customized, reorderable software configurations. Your system arrives fully assembled and tested in one box with your software preinstalled.
When you order your system with the standard program, you also receive system-specific documentation including a bill of materials, an integration test report, a recommended
maintenance plan, and frequently asked question documents. Finally, the standard program reduces the total cost of owning an NI system by providing three years of warranty
coverage and calibration service. Use the online product advisors at ni.com/advisor to find a system assurance program to meet your needs.

Calibration

NI measurement hardware is calibrated to ensure measurement accuracy and verify that the device meets its published specifications. To ensure the ongoing accuracy of your
measurement hardware, NI offers basic or detailed recalibration service that provides ongoing ISO 9001 audit compliance and confidence in your measurements. To learn more
about NI calibration services or to locate a qualified service center near you, contact your local sales office or visit ni.com/calibration.

Technical Support

Get answers to your technical questions using the following National Instruments resources.

Support - Visit ni.com/support to access the NI KnowledgeBase, example programs, and tutorials or to contact our applications engineers who are located in NI sales
offices around the world and speak the local language.

Discussion Forums - Visit forums.ni.com for a diverse set of discussion boards on topics you care about.

Online Community - Visit community.ni.com to find, contribute, or collaborate on customer-contributed technical content with users like you.

Repair

While you may never need your hardware repaired, NI understands that unexpected events may lead to necessary repairs. NI offers repair services performed by highly trained
technicians who quickly return your device with the guarantee that it will perform to factory specifications. For more information, visit ni.com/repair.

Training and Certifications

The NI training and certification program delivers the fastest, most certain route to increased proficiency and productivity using NI software and hardware. Training builds the skills
to more efficiently develop robust, maintainable applications, while certification validates your knowledge and ability.

Classroom training in cities worldwide - the most comprehensive hands-on training taught by engineers.

On-site training at your facility - an excellent option to train multiple employees at the same time.

Online instructor-led training - lower-cost, remote training if classroom or on-site courses are not possible.

Course kits - lowest-cost, self-paced training that you can use as reference guides.

Training memberships and training credits - to buy now and schedule training later.

Visit ni.com/training for more information.

Extended Warranty

NI offers options for extending the standard product warranty to meet the life-cycle requirements of your project. In addition, because NI understands that your requirements may
change, the extended warranty is flexible in length and easily renewed. For more information, visit ni.com/warranty.

OEM

NI offers design-in consulting and product integration assistance if you need NI products for OEM applications. For information about special pricing and services for OEM
customers, visit ni.com/oem.

Alliance

Our Professional Services Team is comprised of NI applications engineers, NI Consulting Services, and a worldwide National Instruments Alliance Partner program of more than
700 independent consultants and integrators. Services range from start-up assistance to turnkey system integration. Visit ni.com/alliance.
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