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Change in Case Status:
Has there been a significant change in the value of this contribution since the last evaluation?  Please elaborate by describing the 

increased significance from a technological, scientific, humanitarian or commercial point of view. Has further development of this contribution occurred?  Has usage by NASA, other government agencies or commercial entities increased?  Describe any enhancements.

Patents:

· Computer Implemented Empirical Mode Decomposition Method, Apparatus, and Article of Manufacture, patent number 5,983,162 issued November 9, 1999

· Computer Implemented Empirical Mode Decomposition Method, Apparatus, and Article of Manufacture Utilizing Curvature 

       Extrema, Continuation In Part allowed for U.S. App No. 09/082,523, filed May 21, 1998.

· Implemented Empirical Mode Decomposition Method, Apparatus, and Article of Manufactures for analyzing biological signals and performing curve fitting, U.S. App. No. 09/282,424, filed March 31, 1999.

· Application of HHT for Acoustical Signal Analysis: With Special emphasis on Speech Analysis, Synthesis, Identification, Enhancement, and machine health monitoring. (Provisional Patent filed March, 2001)


Goddard has now established a Goddard Institute for Data Analysis (GIDA) to work with industry and other government agencies to analyze data using the Empirical Mode Decomposition algorithm or better know as the Hilbert Huang Transformation (HHT). Princeton Satellite Incorporation licensed the HHT and sold several copies. Several companies brought copies of the Princeton and are currently utilizing the code. The license was terminated in the fall of 2001. Dr. Huang has won the following awards for the HHT:  NASA Exceptional Space Act, 1998; Federal Government Technology Leadership Award, 1999; the Federal Consortium Technology Development Award, 2001; and the R& D 100Award, 2001.
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TO:

NASA Headquarters



Attn:  G/General Counsel

FROM:

100/Director

SUBJECT:
Invention of the Year Nominations for 2001

In response to your call of November 9, 2001, requesting nominations for the NASA Government Invention of the Year Award and NASA Commercial Invention of the Year Award, Goddard Space Flight Center submits the following nominations:

U.S. Patent No. 6,081,570 entitled, "Parallel Integrated Frame Synchronizer (PIFS) Chip," issued 

June 27, 2000, Inventors Parminder S. Ghuman, Jeffrey M. Solomon, and Toby D. Bennett, NASA Case No. GSC 13,813-1, hereinafter "PIFS Chip."

The PIFS Chip relates to an apparatus for processing digital data and more particularly to a data frame synchronizer for a return-link signal processing apparatus receiving a serial data stream from an airborne vehicle such as a spacecraft.  The PIFS Chip employs an entirely parallel architecture, providing very high performance at low power consumption using Complementary Metal-Oxide Semiconductor (CMOS) technology.  

U.S. Patent No. 5,983,162 entitled, “Computer Implemented Empirical Mode Decomposition Method, Apparatus and Article of Manufacture," issued November 9, 1999, Inventor 

Norden E. Huang, NASA Case No. GSC-13817-1.

The Empirical Mode Decomposition (EMD), also known as the Hilbert-Huang Transformation (HHT), invention maybe one of the most important discoveries in the field of applied mathematics in NASA history.  The HHT provides for more efficient filtering of a signal from noise for non-linear, non-stationary data.  

If additional information is needed regarding the above nominations please contact Diana Cox or Keith Dixon at 301-286-7351.  

A. V. Diaz

2  Enclosures

Empirical Mode Decomposition Invention

Brief Description of Invention
The Empirical Mode Decomposition (EMD), also known as the Hilbert-Huang Transformation (HHT), maybe one of the most important discoveries in the field of applied mathematics in NASA history.  The HHT provides for more efficient filtering of a signal from noise for non-linear, non-stationary data.  For the last two hundred years Fourier analysis techniques have been used for advanced analysis of time-varying data.  Fourier analysis essentially breaks down the data into an infinite series of linear sinusoidal functions with variable coefficients.  The HHT method is wholly different because the result produced by the HHT is the only one that is adaptive (with no a priori basis assigned), and time varying (the frequency is a function of time define by differentiation rather than convolutionary analysis as in the Fourier type analysis,  e.g. Wavelet analysis). Further, the HHT method enables analysis of physical signals without suffering problems associated with Fourier analysis such as inaccurate interpretation of underlying physics resulting in part from energy spreading and frequency smearing in the Fourier spectrum.

The method has been applied successfully to sea surface temperature analysis and seismic data analysis with remarkable results. The HHT method is now being employed for advanced submarine design, blood pressure signal analysis, examination of low frequency components from global satellite data, gun shot data, and speech data. 

 Prior Data Analysis Methods

Historically, Fourier spectral analysis has provided a general method for examining global energy-frequency distributions.  As a result, the term ‘spectrum’ has become almost synonymous with the Fourier transform of data.  Although Fourier transforms are valid under extremely general conditions there are some crucial restrictions of Fourier spectral analysis, these restrictions including that the system must be linear; and that the data must be strictly periodic or stationary, otherwise, the resulting spectrum will make little physical sense.  Other limitations of conventional Fourier analysis is that it offers no information on the time axis as it adopts the sine and cosine as the basis for the expansion.  Consequently, the amplitude and frequency are all constant for the duration of the data span.

Crux of the Invention

The key part of the invention is the ‘empirical mode decomposition’ method with which any complicated data set can be decomposed into finite and often a small number of intrinsic mode functions that admit well-behaved Hilbert transforms.  This decomposition method is adaptive and therefore highly efficient.  With the Hilbert transform the intrinsic mode functions yield instantaneous frequencies as functions of time that give sharp identifications of embedded structures.  The final presentation of the analysis result is an energy-time distribution, designated as the Hilbert spectrum.  In this method the main innovations are the introduction of the intrinsic mode functions based on local properties of the signal and the instantaneous frequencies for complicated data sets, which eliminate the need for spurious harmonics to represent non-linear and non-stationary signals. 

First Commercial Availability

The HHT method was first commercially made available by NASA non-exclusive licensee, Princeton Satellite Systems, in 2000.  NASA collected royalties for sales of software made by Princeton Satellite embodying the invention.  There have been numerous inquiries and interest in the HHT method from private industry, government and within academia. 

Significant and Identifiable Benefit to a NASA Project or Program

The HHT method has proven its versatility and value at NASA and throughout the Government. The HHT is currently used by the Laboratory for Hydrospheric Sciences at NASA GSFC to analyze sea surface temperature data collected by the NASA Nimbus 7 Scanning Multichannel Microwave Radiometer.  

The HHT has been used on images collected by the National Oceanographic and Atmosphere Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR) senor.  There are known artifacts in the data collected due to a drift of 1-2 hours in local overpass time of the satellite.  The HHT is being used in the data post-processing mode to correct the data.  

HHT has also proven successful in connecting environmental changes to El Nino phenomena.  Another successful application of HHT is the fusion of data between different sensors, in particular, fusion between data from Sea-viewing Wide Field-of-view Sensor (SeaWiFS) Project and AVHRR.

Future NASA/Government Projects

Funding from the U.S. Navy Surface Warfare Center, Carderock Division has been used to further study the damping response after impact load on a Navy vessel.  The purpose is to determine and improve the survivability of Navy vessels. 

The HHT method is currently the subject of the Goddard Institute for Data Analysis.  The Institute is primarily concerned with analyzing data utilizing the HHT.  The goal is to determine additional Government and industry applications of the HHT method.

The Federal Bureau of Investigations, Forensic Tape Lab Division has expressed interest in the HHT method to analyze gun-shot and voice data.  NASA Langley Advanced Measurement and Diagnostic Branch has expressed an interest in using the HHT method to analyze structural surface vibration data.

Cost Savings

The HHT method can be applied to a variety of fields well beyond Earth and Space Science.  This method may be used to study non-linear mechanics, acoustics, submarine design, structural damage detection, heart arrhythmia and seismic design, to name a few.  Thus, it is very difficult to estimate total cost savings that may result from the use of the HHT method.  If one were to only consider the structural damage detection area, in particular the analysis of bridges, it becomes quite clear that the potential cost savings are enormous. Approximately 20-30% of the nation’s bridges are structurally deficient.  Traditional inspection methods are time consuming, costly and not very reliable as these inspections typically consist of a visual analysis.  It has been estimated that if the bridge analysis system spurred by HHT is fully adopted, it will save approximately $7.5 billion in inspection cost, reduce time of inspections and increase safety and reliability.   

Biography of Norden E. Huang

Dr. Norden E. Huang, Chief Scientist for Oceanography and the Director of the Goddard Institute for Data Analysis (GIDA), is an internationally accomplished scientist and researcher.  In 2000 Dr. Huang was elected to the National Academy of Engineering for his patented invention of the Hilbert-Huang Transformation (HHT) Method.  HHT is a unique spectral analysis method for analyzing nonlinear and non-stationary data and images. He is a Goddard Senior Fellow where he and other Senior Fellows advise the Center Director on timely scientific and technical issues. 

Dr. Huang has been working for NASA since 1975. He was a Post-doctoral Fellow in the Oceanography Department at the University of Washington from 1967 to 1969.  At North Carolina State University, he served both as an assistant professor and a tenured associate professor in Oceanography from 1969 to 1975. 

Norden Huang received his graduate degree in 1967 in Fluid Mechanics from Johns Hopkins University in Baltimore, and his undergraduate degree in 1960 in Civil Engineering from National Taiwan University.  Throughout the years, he has published approximately 90-refereed papers.

Dr. Huang has won several awards for his HHT invention. The latest award includes the R&D100 awarded to him in the fall of 2001. Other awards include:  the Federal Laboratory Consortium Technology Development Award, 2001; the Federal Government Technology Leadership Award, 1999; and the NASA Exceptional Space Act Award,1998.  In NASA’s Exceptional Space Act Award, he was cited "as having invented one of the most important applied mathematical methods in NASA’s history."

Patent:  U.S. Patent Number 5,983,162 entitled “Computer Implemented Empirical Mode Decomposition Method, Apparatus and Article of Manufacture” issued November 9, 1999.
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