T-POD v C-POD   

Calibration of acoustic monitoring systems for cetacean sonar.

Summary

Noisy conditions at sea impair the ability of click loggers to detect animals and this impairment needs to be quantified to get really accurate measures of animal activity across a wide range of conditions. 

Traditional signal-to-noise ratio approaches are unworkable for click loggers so C-PODs are built around a radically new concept of identifying the Mean Minimum click intensity in each Multipath cluster of replicates received by the logger in a click train identified by the software.  This 'triple-M' statistic can then be used to quantify changes in detection threshold caused by noise.  

The scaling of click intensities must be calibrated, not the detection threshold in the tank. 

A special SD card is need if PODs are to be calibrated upside down.

Detecting a click:

As a dolphin or porpoise approaches a logger it is at first inaudible because it is so far away that the intensity of its clicks is less than the background noise in the sea, or is less than the background noise that arise in the electronics of the detector whenever it is running.  This 'signal to noise ratio' or SNR is a key measure of how detectable any signal is, and many signal detection systems are adjusted to give an optimal balance between sensitivity and the detection of false clicks that  may be only  fluctuations in the noise background.   The weakest click that is  then recognized by the system is the detection threshold.

Detection thresholds: not as simple as they look

If the threshold is set against a the background noise level then as this rises then clicks have to be louder to be detectable.  In the T-POD the background noise for calibration was the level of electronic noise which is fairly constant and mostly louder than the ambient noise received by the POD in the sea.  But in noisy conditions, such as shallow water with breaking waves or rain, the ambient noise would rise above the system noise and reduce the detectability of animals.  Fortunately these noise conditions also generate false detections that are scattered randomly in time, so the train detection process would find many clicks and few trains, and this combination could be used to recognize these times of reduced sensitivity and they could then be excluded from analysis.

The standard method of solving the problem of fluctuating noise levels is to measure the noise level and characterize the relationship between it and the detection threshold.  But how should we measure the background noise? 

Measuring background noise

This is so difficult that it may not be worth doing, because the measurement must predict how it will affect detections if it to be of any use.  The measurement has to cover some period of time.  If it is averaged over a minute it could be the same for  a location with occasional very brief, very noisy shrimp clicks, that would have little effect on detection because the were present for so little time, and for another location with rain that was raising the detection threshold for a significant amount of time.  It noise is average over the length of a click it will jump around wildly and further statistics will be needed to describe that, and further work will be required to characterize the relationship with detection thresholds.

If you then consider the issues of  how tonal the noise is ( whether it is white noise spread across all frequencies, or has a dominant frequency ) and the time scale of fluctuations in this you start to agree with the statement 'There is no problem, no matter how complicated, that, if looked at in the right scientific way does not become more complicated'   The conclusion is that signal-to-noise ratio is not a practical tool in click detection.  Simple approaches are unreliable and complex approaches are complex.

A radical solution – the triple-M statistic 

If we measure the intensity of the detected sounds we will see a minimum intensity of click that will rise in conditions in which the ambient noise has risen far enough above the system noise to affect detectability.  That sounds as though it could be really useful, but there are two problems. Firstly there are many non-cetacean clicks, and most of these are weak.  Secondly the animal's sonar is very directional. Detected trains are mostly not whole actual trains from the animal, but are fragments of trains captured as the animal's sonar beam scans across the location of the logger.  Clicks are, at first, very weak as they come from the weak outer edges of the sound beam.  Then they get stronger and finally they fade out as the beam center moves away from the logger. 

The solution to the weak non-cetacean clicks problem is good train detection to exclude non-cetacean clicks. The T-POD train detection was demonstrably worse for the extreme ends of the train and this will be improved in the C-POD train detection.  

A footnote here: Weak non-cetacean clicks will not serve as a measure of detection threshold because they are, in effect, not a test signal injected at no particular time into the ambient noise, but are a part of the set of ambient noise sources whose time of occurrence is likely to have been related to the processes of generation of that noise. For example: if you had many tonal sources producing brief weak sounds a rather atonal background might occur with a finite probability of a single local source predominating in a random 'lull'. That model would predict that higher frequency tones would predominate in noisier conditions because they become tonal more quickly (tonality requires a number of cycles and their cycles are shorter) so a shorter natural lull in the noise will allow their detection.  C-POD data shows this very clearly.

Dolphins make thunderously loud clicks and the solution to the most clicks in a cetacean train are strong problem is provided by the observation that strong clicks are generally accompanied by multiple later-arriving replicates of the same click because multi-path propagation is so commonly seen. The multi-paths arise mainly from refraction along the pathway, like the twinkling of stars, and also from reflections.  So, although there are very few of the weakest clicks – maybe only one at each end of a train – there are many weak replicates of clicks. These can be identified via the train detection process and are subject to the same detection threshold issues as the first arriving click. 

The graph below shows the multipath replicates of a single harbour porpoise click.  The Y axis is the SPL. The width of the bars represents their duration.
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These weak replicates of the click can be used to derive a simple Mean of Multi-path Minima for each train. This 'triple-M' statistic is is the mean of the sound pressure level of the weakest click in each multi-path cluster of replicates received during the train.  Where there are no replicates of a click in the train the lone click is used. 

The C-POD logs many more multipath replicates than the T-POD as it has a much bigger dynamic range and a lower minimum– the T-POD might have logged 6 or less clicks here, whereas the C-POD logs 19.

The design of the C-POD implements this radically different approach to try to achieve a practical measurement of noise that will allow prediction of how much effect noise is having on detectability of animals.  The triple-M statistic will be an essential part of all analysis that aims to measure density of animals.

Calibration of the T-POD – a threshold-based method

T-PODs of version 4 or above were standardized to gives 50% of test signals detected during a complete revolution of the logger on its long axis in a sound field, so that radial variation in the sensitivity of the transducer (hydrophone) is taken into account. The test signal is 6 cycles at 130kHz delivering a maximum peak-to-peak SPL of 1Pascal at the position of the hydrophone.  

This method actually used system (electronic) noise as a reference, but then used ambient acoustic noise if it became louder.

Calibration of the C-POD – a scale-based method

C-POD data analysis will use the triple-M statistic and thresholds will vary with noise levels whether they are internal electronic noise or ambient acoustic noise.  So the standardization required is not of the threshold but of the scale of measurement used for the triple-M statistic.  

The click intensities reported by the C-POD are peak-to-peak sound pressure levels of the highest amplitude wave in click, and also the peak-to-peak SPL of the first and fifth waves.  (The maximum p-p SPL is likely to be the one used in the triple-M statistic, but this requires further work).  Values are on an 8 bit scale and many loud cetacean clicks are off the top of the scale.  This is deliberate – we need the lower values more to get a higher resolution triple-M.  

The scale is not in Pascals (yet) and a scaling factor for each frequency will be needed.  To get useful inter-POD test results calibrators looking at C-PODs at present should send a signal giving a p-p SPL of around 10Pa at the POD position in the tank, and should then compare the values of the max SPL of clicks.  A small utility is available in CPOD.exe to show the mean of the larger values of SPL in a screenful of data.  The 'larger values' bit is need to exclude averaging the multi-path replicates that will show up in most tanks.

Full Circle – combining the two methods

Because the C-POD logs the maximum sound pressure level of each click a post-detection fixed threshold could be set as a filter that would correspond to the T-POD threshold, for quiet conditions.  When it gets noisy both systems have higher thresholds and the C-POD will be able to show how big that effect is where the T-POD could not.  

It is simple to view  raw click data from the C-POD with this click intensity threshold in place by setting the Max SPL minimum filter at a level of 13 on the 'files and display' page.  To see its effect on actual detections would require the threshold to be applied to clicks entering the train detection process. This is not available.

Comparing calibration with detection rates:  Clicks or Trains?

The T-POD and C-POD are designed as train detection systems in which the hardware – the actual logger – is a click detector and the software on the PC is a train detector.  The design of the hardware can allow it to be quite tolerant about what clicks to log and the software can sort out the resulting mixture of cetacean and non-cetacean clicks.  If the logger is too tolerant the software will struggle and eventually fail, wrongly reporting no detections because they are obscured by too many non-cetacean clicks.  

This feature – less false positives with more noise - is opposite to many signal detection systems that report more false positives as noise levels rise. It comes about through the application of a probability model of a train that calculates a probability of the train appearing by chance among noise clicks.  This probability can be 'tweaked' to give a higher or lower than true trend as noise levels rise.  It is adjusted, in the software, to produce the less false positives with more noise trend described because even a few false positives will damage the data where there are very few or no true positives. At high levels of noise clicks the T-POD software stops trying to find trains and skips such (0.5s) sections of data because the probability test is bound to classify any trains found as doubtful or very doubtful. 

The T-POD software also looks at other train features to recognize noise trains and finally rejects about half of the logged trains from cetaceans, classifying them as doubtful or very doubtful or skipping the data.  The C-POD software will follow a similar pattern and the additional input of some click characteristics will allow it to function even in the presence of higher levels of non-cetacean clicks (noise).

The false positive assessment will show a relationship to intensity, so that trains of very weak clicks will be much more likely to be classed as non-cetacean (this existed in the T-POD software as a relationship to click duration – trains of very short clicks were only accepted if there was little background noise).  Very weak clicks are by far the most numerous and set a limit to sensitivity by filling the memory too fast if the sensitivity is too high.    

To penetrate a bit further into the world of very weak clicks the C-POD (version 1) is more selective about the tonality of very weak clicks, requiring the weakest clicks to be longer. The practical significance of this is:

· To make the most accurate comparisons of animal densities where there are plenty of detections it may prove to be best to compare only louder trains.  This will avoid the non-linearities involved in detection of very weak trains.

· In very low animal density areas there will be few detections and comparisons will, inevitably, be less accurate so inclusion of the weakest trains may improve the accuracy of these density estimates.   

Calibration – some practical notes

RF noise

C-PODs are very sensitive to electromagnetic interference in the 10 – 200khz range.  Fluctuations in this ambient radio noise will affect detection thresholds.   The PC screen is often the main local source of such noise.   

We are no longer dependent on measuring thresholds that would be affected by this noise. But you do need to know that system noise is not so high that it will be putting an unacceptable lower limit on performance, so a rough threshold measurement is still needed ( see below)

Soak time

The sensitivity of the POD slowly increases after it is first immersed in water, and may continue to increase for up to 12 hours.  This period may be shorter for PODs that have been soaked previously, but for accurate measurement it is essential to soak them for 12 hours.  The cause of this change is probably the slow uptake of water by the transducer housing.

A routine

A simple routine that measures the accuracy of the SPL scale for clicks and does a rough test of the threshold is:

1. Send a series of signals at 10Pa peak to peak with the POD rotating (see below)  The mean should be xx and this gives and accurate measure of sensitivity.

2. Stop the POD rotation.

3. Send a series of signals at 2Pa peak to peak then step down down in 0.1Pa steps to 0.5Pa and back up again.  This gives an inaccurate but quick measure of threshold. 

Gain:

Use the SD card specific to the POD, as this sets the gain at the correct value for that POD.  The cards issued with the POD set it to be ON only with the transducer uppermost.  If you require it to operate with the transducer down a special calibration card is needed from Chelonia.  

Scale: 

The 10Pa p-p signal should be measured as the mean of radial values. During manufacture this value is adjusted by a gain setting that is written into the SD cards for this POD.  Expected inter-POD variation in SPL values is substantially less than  ±7%. In decibels this variation is ±0.6dB ref mean POD sensitivity.

Radial mean: 

The graph below shows the received SPL through three+ 360deg rotations. Maxima and minima can be separated by less than 45deg.  In test during manufacture transducers giving SPL values at minima of less than 60% of max are rejected. In decibels this variation is approx ±2dB ref mean radial sensitivity of this POD. 
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As radial variation is much greater than mean variation it is necessary to sample at at least 24 radial points, and a rotation device to enable a larger number of points to be sampled is very desirable.

Threshold:

When triple-M evaluation of detection thresholds has been implemented the ‘threshold’ will not be used as an accurate measurement. However, an equivalent to the T-POD measurement is possible by excluding all clicks with a max SPL less than the SPL of the TPOD threshold signal, which has the value 13.5  in clicks logged by a C-POD. 

In the graph below the received SPL is shown during a test of the threshold made with the POD stationary ( not rotating ).  The SPL of the signal drops from a nominal signal SPL level of 20 to 5 in steps of 1 and is then increased by the same steps to 20. The TPOD threshold was at signal level 11.   Detection in this case becomes intermittent at signal level 7 so this POD is potentially a little more sensitive than a T-POD.  
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Questions please...

to nick@chelonia.demon.co.uk

Nick Tregenza  5/08

