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Executive Summary

SRI International is a research institute concerned with developing new and inventive creations to better the world we live in today.  We had the great opportunity of completing our project with the scientists involved in the Bio-Pharmaceutical Discovery Division of SRI International.  Our project was focused on the implementation of an automated sleep scoring system.  To complete our project we learned about the biological aspects of sleep, automated sleep scoring, and neural network training and testing.

In the lab in which we worked, scientists evaluate the sleep patterns of rodents, which they use in many studies including the affects of nicotine on rodents’ sleep and possible sleeping disorder treatments.  The scientists use computer programs to record the electroencephalogram (EEG) signals, which represent brain activity, and electromyogram (EMG) signals, which represent muscle activity, to a file.  The signals are then divided into small windows of time, usually between one and ten seconds, called epochs.  The scientists then look at each epoch and categorize the sleep stage as wake, non-rapid eye movement (non-REM), or rapid eye movement (REM).  To score sleep in this manner takes one scientist nearly four hours for each 24-hour sleep recording.  As a result, the scientists are spending many hours scoring during which they could be doing more research.  To solve this problem of time, it was proposed that we implement an automated sleep scoring system.

The first task with any automated system is to understand the underlying biological and mathematical basics.  By reading research papers and listening to lectures given by the scientists about sleep, we were able to understand the basics of sleep and sleep scoring, particularly in rodents.  We also did research regarding signal processing, mainly Fast Fourier Transform, wavelet transform, and EMG integration.  These three signal processing functions became the foundation of our system.  

In able to use EMG and EEG recordings to automatically score sleep stages, the data must be manipulated in order to produce what is called features.  These features are created using signal processing functions like the ones we mentioned above.  We implemented these transformations, which created a new file containing all the features, better known as a feature matrix.  Each epoch of data goes through the transformations, so each epoch has a feature vector that then becomes part of the entire feature matrix.

  After creating the feature matrices, our program then uses the data to go through a training-and-testing phase, also known as creating a classifier.  This requires a score file with several hours of data previously scored by a sleep expert.  The system learns what wake, non-REM, and REM stage data look like by using the score file.  Once the system has learned to recognize the stages of sleep, the system can then be fed new data not scored before and score it.  

Our final system consisted of the data recording, signal transformations, and classifier.  Our three goals for the system were that it would be fast, consistent, and easy to use.  We reached our first goal by writing very complete code using C.  Our second goal was accomplished by maintaining strict rules on the code documentation and use.  The third goal, probably the most important of all, was achieved by creating a graphical user interface for the entire system so that even a scientist working with rodents could easily understand and operate the system.  We named our final system CASEUS, which means cheese in Latin, because we thought that rodents might dream of cheese during their sleep.

