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Technical Report

The Hydro-Bionics Research Group of the Institute of Cybernetics of Georgian Academy of Sciences takes part in exploration of a dolphin sonar system from 1972 until the present time.  In former USSR, our investigations were carried out under programs of the USSR State Committee on Science and Engineering and projects fulfilled for the USSR Navy.  After disintegration of the USSR, our works proceed under the programs of the Georgian Academy of Sciences.

The main task of our researches consisted in revealing mechanisms of echoes processing in dolphins, and the main goal is creation of bio-mimetic echo-recognition systems with matching performance. For  this purpose, we have developed a system of logically interrelated tests with simulated echo-like signals (16 ones in total) and, in addition, experiments in which dolphins had to differentiate echoes from actual targets.  Application of these tests to the Black Sea bottlenose dolphins allowed us to obtain detailed description of the echo-processing procedures taking place in animal’s sonar.

It was revealed that bottlenose dolphins, distinguishing signals within the Critical Interval of Time (CIT – the time window within which echo is transformed into a merged auditory image), utilizes only one string of features, containing three independent, hierarchically interrelated discriminative features with the following diminishing significance: 1) Feature MaPS, being defined by large-scale variations of signal’s power spectrum density (PSD), exciding ~ 12 kHz frequency bandwidth; 2) Feature MiPS being defined by small-scale oscillations of signal’s PSD with the periods in the interval ~ 5-12 kHz; and at last, 3) Feature Energy, being defined by the energy of signal within the CIT.  The animal does not assess differences in signal’s polarity.  The ability of bottlenose dolphins to evaluate an average value of the dominant feature MaPS over series of echoes was demonstrated as well.  The bottlenose dolphin, distinguishing signals, estimates successively features’ values from senior to minor, terminating the process at the feature that contains detectable differences in compared stimuli (the distinctive feature).  Subsequent identification of the reference signal obeys the following decision rule: if dolphin utilizes a particular feature as the distinctive one, then in order to preserve the image of the reference signal, it is necessary and sufficient to preserve the same values of the distinctive feature and all higher ones in order of hierarchy.

The echo-recognition model (software) based on the revealed mechanisms was created.  Testing of that model on echo-like signals simulated in computer has showed that differentiation thresholds of the model are equal/or better, than those in bottlenose dolphins.

The further steps in practical realization of the model are impossible without its testing and training on echo-signals from actual targets.  Discussions on the appropriate coordination of the possible interaction programs with our colleagues from San Diego, as well as presentation of our work on the OCEANS’ 03 Conference and discussions of our researches with American colleagues, was my task within the given Grant.

Interaction Itinerary

Sep 21st, Sunday

· Meeting with Dr. Patrick Moore, the head of the Biosonar Program Office at the Space and Naval Warfare Center in San Diego.  Detailed presentation of our experimental instruments and obtained data and discussion of the search results.

Sep 22nd, Monday

· Meeting the Dr. Patrick Moore, Dr. Mardi Hastings, Dr. Douglas Abraham, and Dr. Justine M. Zafran of the Office of Naval Research (ONR).  Repeated presentation of our data, reported on the eve, and discussion of the search results within the extended number of the participants.

Sep 23rd, Tuesday

· Presentation of my report at the Conference

Sep 24th, Wednesday

· Meeting with Dr. Patrick Moore and discussion on our practical co-operation

Meeting Topics – Common areas of interest

In the process of our discussions mentioned above, I have presented the full set of our experiments and feature extraction methods (believed to be employed by dolphins) as target classification technique.  During the last meeting with Dr. Patrick Moore, I also have transmitted our echo-recognition software. – The simplest version, designed on our experimental data for checking differentiation thresholds of the model on simulated echo-like signals with randomly varying components.

The most effective step towards the further improvement of the model is its testing and training on echo-signals from actual targets.  Realization of these tests independently from each other seems to be rather difficult now.  In accordance to this, we have agreed to test the model on echo-signals, which could be sent to us by San Diego colleagues via the Internet.

During our last conversation with Dr. Patrick Moore, we have touched a subject on possible realization of our system of tests on Beluga whales in San Diego.  This species of dolphins, differing considerably from the bottlenose ones, possesses the perfect sonar system.  At the same time, Beluga whales utilize very short echolocation clicks, - therefore operating with wideband echoes.  The set of tests, developed by us, is especially effective for researching such type echolocation systems.   

Summarizing our discussions with American colleagues, I can conclude that exploration of the echo-processing mechanisms in dolphins for the purpose of creation of appropriate bio-mimetic systems represents, undoubtedly, mutual interest.  Association of our experiences and obtained data, kept during many years of working in isolation from each other, can speed up considerably achievement of an overall goal of our researches – construction of essentially new sonar systems.
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