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Executive Summary

SRI International’s Pharmaceutical Discovery Division has an interest in further investigating sleep, and therefore has developed an in-vivo sleep research laboratory headed by Dr. Thomas Kilduff.  The research in this lab is performed on live rodents and investigates various neurobiological aspects of sleep/wake cycles, with partial focus on the sleep disorder narcolepsy.  Dr. Kilduff’s team is utilizing three different data acquisition systems for research in this lab.  These systems are Flaga hf.’s Embla/Somnologica which records electroencephalogram and electromyogram signals, E-mitter/VitalView which records movement and body temperature, and ClockLab which records activity using infra-red motion detectors mounted on cages and/or running wheels.  These recording systems run as completely separate entities, which makes them individually stable, but difficult to use together.  Dr. Kilduff’s team needed the recorded signals to be easier to combine, so that one could view and process all of the signals in a single software program, whether it be a spreadsheet, database, graphing or automated post processing program.

Our team set up the rodent sleep lab, installing several groups of recording devices.  We also researched past sleep studies and visited several labs similar to Dr. Kilduff’s.  We used this information in our setup and in the extensive testing of these devices and were able to correct several of our errors, as well as discover several methods that allowed us to best use these systems. 

Our team chose to develop a file manager that would accomplish the task of combining the data acquisition systems by giving the researcher the possibility of converting any data file to any other known format.  This file manager we developed, called Udicus, runs separately from the data acquisition programs, and it currently supports the file formats of Somnologica, VitalView, and ClockLab.  From there, the file manager translates the files into a universal, highly flexible data file format that we created called Universal Data Channel Storage (UDCS).  Each of the recorded signals can be aligned in time by either truncating or padding them, and exported to the ClockLab, Somnologica or UDCS file format.  This allows the user to view all of the data in the chosen data acquisition system.

In addition to this integration, Dr. Kilduff’s team began investigating the development of a new and improved automated sleep scoring system, to replace the older, very time consuming methods of “hand scoring”, in which all recorded data is visually analyzed by a technician.  Sleep scoring whether it be performed by a human or a computer uses various signals such as brain waves, muscle activity, and body temperature to determine whether a subject is awake or asleep, and if the subject is asleep what stage of sleep it is in.  Currently there exist automated sleep scoring programs, but none of them were suitable for the research in this lab.  Dr. Kilduff’s team has collaborated with Speech Recognition researchers at SRI International to develop improvement ideas for a new program.  Our team designed a foundation that would provide support for these ideas, in a new automated sleep scoring system, entitled “TIBS is better scoring”, or simply TIBS.  Our outline includes three main phases to accomplish the task of an efficient and accurate sleep-scoring program.  The first phase involves many mathematical analytical tools and a variety of pattern recognition methods also used in speech recognition.  This phase establishes a plethora of result sets, or guesses, that can be used in the second phase to calculate the most probable behavioral state for each epoch, or specified portion of time.  The second phase also re-analyzes previous results by relating any one result set to its temporal neighbors, applying a state change probability scheme, and thereby correcting occasional scoring mistakes of the first phase.  The final phase verifies the result confidence levels generated by the first phase scoring algorithms and compares the automated scoring results to a given human scored recording to estimate the accuracy of its results.  Depending on the quality of these results, this phase varies the parameters to eventually produce a more accurate scoring result.  This final phase is optional and is only executed if the parameters need to be improved and the program is in training, or learning mode.  This automated sleep-scoring program utilizes the file manager by using the UDCS format as its main data storage format.

Our team has created a file manager and an outline for an automated sleep scoring system for Dr. Kilduff’s team at SRI International.  This will help his team in the analysis process of research by providing a mechanism for viewing all of the collected data in one system.  It will also assist them in the development of a new automated sleep scoring system.

